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genes. However, individual cells expresses only about 2,000 to about 4,000 different 
proteins, corresponding to only 10% of the total number of genes. It is the concerted 
activity of the proteins expressed in a given cell that orchestrates the activities that define 
a particular cell type at a given developmental, metabolic or disease stage. 
5 In the past decades it has become clear that the development and the pathology of 

many diseases involves differences in gene expression. Indeed, healthy and diseased 
tissue or cell types can frequently be distinguished by differences in gene expression. For 
example, normal cells may evolve to highly invasive and metastatic cancer cells by 
activation of certain growth-inducing genes, e.g., oncogenes, or the inactivation of certain 

10 growth-inhibitory genes, e.g., tumor suppressors or apoptosis activators. Levine, 1997, 
Cell 88:323; Hunter, 1997, Cell 88:333; Jacobson, 1997, Cell 88:347; Nagata, 1997, Cell 
88:355; Fraser etal., 1996, Cell 85:781. Altered expression of such genes, e.g., growth 
activators or growth suppressors, in turn affects expression of other genes. See, The 
National Cancer Institute, "The Nation's Investment In Cancer Research: A Budget 

15 Proposal For Fiscal Years 1997/98", Prepared by the Director, National Cancer Institute, 
pp. 55-77. 

Pathological gene expression differences are not confined to cancer. 
Autoimmune disorders, many neurodegenerative diseases, inflammatory diseases, 
restenosis, atherosclerosis, many metabolic diseases, and numerous other disorders are 

20 believed to involve aberrant expression of particular genes. Naparstek et aZ., 1993, Ann. 
Rev. Immunol. 11:79; Sercarz etal, 1993, Ann. Rev. Immunol. 11:729. As a 
consequence, a challenge in medical research is to understand the role each gene or its 
encoded protein plays in maintaining normal cellular homeostasis and to utilize this 
heightened understanding in improving the ability to treat disease and/or identify 

25 predispositions to disease at stages when treatment and/or prevention methods are 
available. 

Significant resources have been expended to identify and isolate genes relevant to 
disease development. One approach has been to sequence and catalogue all the 
individual genes contained in the genome of a species. In the case of humans, the NIH 
30 initiated the Humane Genome Project in 1990, with the goal to sequence the entire 

human genome by the year 2005. Stephens et al, 1990, Science 250:237; Cantor, 1990, 
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Science 248:49-5 1 . The near complete sequence of the human genome was published in 
advance of the 2005 target date. Venter et al., Science 2001 291:1304; International 
Human Genome Sequencing Consortium Nature 2001 409:860. However, the vast 
amount of information made available by the sequencing of the human genome is 
5 insufficient to resolve the mysteries of many disease processes because cellular function 
and dysfunction results from the concerted interaction and differential expression of 
proteins. Indeed, nucleotide sequence information alone does not indicate when, where, 
and how much of a given gene is expressed at the protein level. 

10 SUMMARY OF THE INVENTION 

The present invention is based on the purification of a series of peptide sequences 
derived from proteins produced within a panel of cells. The purification and sequencing 
of these peptides demonstrates both the existence of a given protein as well as the 
production of the given protein in a particular cell type. In many cases, the existence of a 

15 given protein was uncertain prior to the characterization describe herein, as it had never 
previously been isolated or even detected. Members of one class of peptides described 
herein, termed expressed protein tags (EPTs), bind to and are presented by human MHC 
class I or class II molecules. Members of a second class of peptides are chemically or 
enzymatically prepared from complex protein mixtures. 

20 The invention generally relates to novel peptides and proteins containing the 

novel amino acid sequences. In addition, the invention relates to nucleic acids encoding 
polypeptides containing the novel peptides, methods of using the peptide sequences in the 
context of a database or a peptide profile to characterize the protein composition of a cell 
or a peptide array comprising peptides of the invention, and using the identified peptides 

25 and corresponding nucleic acids in methods of treatment, diagnosis, and screening. 

In one aspect, the invention features a purified polypeptide including a peptide 
sequence selected from the group consisting of SEQ ID NOs: 1-235. In an embodiment, the 
polypeptide comprises at least 8 contiguous amino acids of an amino acid sequence selected 
from the group consisting of SEQ ID NOs: 1-235. In another embodiment, the invention 

30 features a purified immunogenic polypeptide comprising at least 8 contiguous amino acids 
of an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235. 
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"Immunogenic peptides" are peptides that result in or enhance an immune response in a 
mammal. Examples of immunogenic peptides can be found, for example in U.S. 5,827,516 
and U.S. 6,183,746. In another embodiment, the invention features a purified polypeptide, 
comprising at least an immunogenic portion of a protein, wherein the protein comprises an 
5 amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235. 

In another aspect, the invention features a purified polypeptide comprising an amino 
acid sequence selected from the group consisting of SEQ ID NOs: 1-235, wherein the 
purified polypeptide comprises at least 25 amino acids. In an example, the purified 
polypeptide comprises fewer than 100 amino acids. In another example, the purified 
10 polypeptide comprises fewer than 50 amino acids. 

In one embodiment, the polypeptide consists of a peptide sequence selected from the 
group consisting of SEQ ID NOs: 1-235. In another embodiment, the polypeptide consists 
essentially of an amino acid sequence selected from the group consisting of SEQ ID NOs: 1- 
235. 

15 The peptide sequence can be identical to that of a naturally processed class I MHC- 

binding peptide. Alternatively, the peptide sequence can be identical to that of a naturally 
processed class II MHC-binding peptide. 

In another aspect, the invention features an isolated nucleic acid encoding a 
polypeptide comprising a peptide sequence selected from the group consisting of SEQ ID 

20 NOs: 1-235. In an embodiment, the polypeptide comprises an amino acid sequence which is 
at least 95% identical to an amino acid selected from the group consisting of SEQ ID NOs: 
1-235. In another embodiment, the isolated nucleic acid comprises a nucleotide sequence 
that encodes a polypeptide comprising an amino acid sequence selected from the group 
consisting of a variant of any one of SEQ ID NOs: 1-235, wherein the variant has no more 

25 than two conservative amino acid substitutions. In a further embodiment, the isolated 

nucleic acid comprises a nucleotide sequence that encodes a polypeptide comprising at least 
8 contiguous amino acids of an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 1-235. 

In some examples the encoded polypeptide includes a peptide sequence identical to 
30 that of a naturally processed class I MHC-binding peptide. Alternatively, the peptide 
sequence can be identical to that of a naturally processed class II MHC-binding peptide. 
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In one embodiment, an isolated nucleic acid encodes a polypeptide including a 
peptide sequence identical to a segment of a naturally occurring protein, wherein the peptide 
sequence is selected from the group consisting of SEQ ID NOs: 1-235, and wherein the 
polypeptide does not include more than 10, 15, 20, 30, 40, 50, 60, 70 , 80 , 90, or 100 
5 consecutive amino acids identical to a portion of the naturally occurring protein. The 
peptide sequence can be identical to that of a naturally processed class I MHC-binding 
peptide. Alternatively, the peptide sequence can be identical to that of a naturally processed 
class II MHC-binding peptide. 

In an aspect, the invention features an isolated nucleic acid comprising a nucleotide 

10 sequence encoding a polypeptide consisting of an amino acid sequence selected from the 
group consisting of SEQ ID NOs: 1-235. In another aspect, the isolated nucleic acid 
comprises a nucleotide sequence encoding a polypeptide consisting essentially of an amino 
acid sequence selected from the group consisting of SEQ ID NOs: 1-235. 

The invention also includes an expression vector containing a nucleic acid described 

15 herein. In an example, the vector comprises expression control sequences that direct 

expression of the polypeptide. In another example, the vector comprises expression control 
sequences that direct expression of the nucleic acid molecule. Also included in the 
invention is a cell containing an expression vector of the invention. 

In another aspect, the invention features an antibody specific for a polypeptide of 

20 the invention, e.g., a peptide sequence selected from the group consisting of SEQ ID NOs: 
1-235. In an example, the antibody selectively binds to the polypeptide which is expressed 
on a cell surface. In another example, the antibody of the polypeptide is a target of a second 
antibody located on a cell surface. 

In another aspect, the invention features a humanized antibody which specifically 

25 binds to a domain of a polypeptide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NOs: 1-235 or an isolated nucleic acid which encodes the 
antibody. In preferred embodiments, the humanized antibody is a full length antibody, a 
human IgG, an antibody fragment and a F(ab>2. The invention also features a humanized 
antibody as described herein bound to a detectable label. In another aspect, the invention 

30 features an immobilized antibody comprising a humanized antibody as described herein 
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sample with a compound that selectively binds to the polypeptide; and (2) deteimining 
whether the compound binds to the polypeptide in the sample. 

In another aspect, the invention features a method for detecting the presence of a 
disorder in a mammal, the method including: (1) providing a biological sample derived 
5 from the mammal; (2) contacting the sample with a compound that binds to a polypeptide 
described herein or to a nucleic acid that encodes such a polypeptide; and (3) determining 
whether the compound binds to the sample, wherein binding of the compound to the 
sample indicates the presence or absence of the disorder in the mammal. 

In another aspect, the invention features a method for imaging a site in a mammal, 

10 the method including: (1) administering a compound to a mammal, wherein the 

compound binds to a polypeptide described herein (or to a nucleic acid that encodes such 
a polypeptide) at the site in the mammal; and (2) detecting the compound with an 
imaging detector, to thereby image the site in the mammal. 

In another aspect, the invention features a method for identifying a compound that 

15 modulates the activity of a polypeptide described herein, the method including: 

(1) contacting a polypeptide described herein with a test compound; and (2) determining 
the effect of the test compound on the activity of the polypeptide, to thereby identify a 
compound that modulates the activity of the polypeptide. 

In another aspect, the invention features a method for identifying a compound that 

20 modulates the expression of a nucleic acid described herein, the method including: (1) 
contacting the nucleic acid with a test compound; and (2) determining the effect of the 
test compound on the expression of the nucleic acid, to thereby identify a compound that 
modulates the expression of the nucleic acid. 

In another aspect, the invention features a peptide profile that is characteristic for 

25 a given cell, wherein the profile includes a representation of at least ten different 

polypeptides in the cell, wherein each of the at least ten different polypeptides contains a 
peptide selected from the group consisting of SEQ ID NOs: 1-235, and wherein the 
peptide profile is a reproducible characteristic of the cell. In one example, the each of the 
at least ten different polypeptides contains an MHC-binding peptide. In one example, the 

30 representation characterizes each individual peptide based upon at least one physical or 
chemical attribute, the at least one physical or chemical attribute including amino acid 
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sequence. In addition, the representation can characterize each individual peptide based 
upon at least two physical or chemical attributes, e.g., wherein one of the physical or 
chemical attributes is amino acid sequence. For example, one of the physical or chemical 
attributes can be mass-to-charge ratio or ion-fragmentation pattern. In another example, the 
5 representation can characterize each individual peptide based upon at least three physical or 
chemical attributes. In another aspect, the invention features a polypeptide profile that is 
characteristic of a selected cell under selected conditions, wherein the profile comprises a 
representation of at least ten different polypeptides expressed by the cell, wherein each of 
the at least ten different polypeptides comprises an amino acid sequence selected from the 

10 group consisting of SEQ ID NOs: 1-235, and wherein the polypeptide profile is a 
reproducible characteristic of the cell. 

In another aspect, the invention features a database, stored on a machine-readable 
medium, containing: two categories of data respectively representing (a) peptide profiles 
and (b) cell sources; and associations among instances of the two categories of data, wherein 

15 the data representing peptide profiles include a peptide profile described herein, and wherein 
the database configures a computer to enable finding instances of data of one of the 
categories based on their associations with instances of data the other category. 

In another aspect, the invention features a database, stored on a machine-readable 
medium, comprising: (a) three categories of data respectively representing (i) 

20 polypeptides, (ii) cell sources, and (iii) cell treatments; and (b) associations among 

instances of the three categories of data, wherein the data representing peptides comprises 
at least 100 polypeptides each having an amino acid sequence selected from the group 
consisting of SEQ ID NOs: 1-235, and wherein the database configures a computer to 
enable finding instances of data of one of the categories based on their associations with 

25 instances of data of at least one other category. 

. In another aspect, the invention features a peptide array comprising at least 100 
peptides selected from the group consisting of peptides consisting of an amino acid 
sequence selected from the group consisting of SEQ ID NOs:l-235, each peptide linked 
to a solid support at a known location. In another aspect the invention features a 

30 collection of at least 10 polypeptide arrays, each array comprising at least 100 
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polypeptides consisting of an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 1-235, each peptide linked to a solid support at a known location. 

In another aspect, the invention features a method of selecting an antibody, the 
method including: (1) contacting a polypeptide described herein with an in vitro library 
5 of antibodies; (2) binding an antibody to the polypeptide; and (3) selecting the antibody 
that binds to the polypeptide. 

In another aspect, the invention features an immunogenic composition comprising a 
polypeptide comprising an amino acid sequence selected from the group consisting of SEQ 
ID NOs: 1-235, the composition when injected into a mammal elicits an immunogenic 
10 response directed against a polypeptide consisting of an amino acid sequence selected from 
the group consisting of SEQ ID NOs: 1-235. 

The invention also features a method for treating a cancer comprising 
administering to a patient in need of such treatment an amount of a composition 
comprising a polypeptide comprising an amino acid sequence selected from the group 
15 consisting of SEQ ID NOs: 1-235 in an amount sufficient to elicit an immunogenic 
response. 

The invention also features a method for treating a cancer patient, the method 
comprising administering to the patient an antibody that selectively binds to a peptide 
consisting of an amino acid sequence selected from the group consisting of SEQ ID 
20 NOs:l-235. 

In another aspect, the invention features a method for identifying a compound that 
binds to a naturally processed class I or class II MHC-binding polypeptide, the method 
comprising exposing a test compound to a collection of at least 100 polypeptides selected 
from the group consisting of polypeptides having an amino acid sequence selected from 
25 the group consisting of SEQ ID NOs: 1-235, and identifying a peptide to which the test 
compound binds. 

An "isolated" or "purified" polypeptide, protein, or peptide (these terms are used 
interchangeably) is a polypeptide, protein, or peptide that is separated from those 
components (proteins and other naturally-occurring organic molecules) that naturally 
30 accompany it. Typically, the polypeptide, protein, or peptide is substantially pure when it 
constitutes at least 60%, by weight, of the protein in the preparation. Preferably, the 
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protein in the preparation consists of at least 75%, more preferably at least 90%, and most 
preferably at least 99%, by weight, of the polypeptide, protein, or peptide of the 
invention. 

An "isolated" or "purified" nucleic acid refers to a nucleic acid that is separated 
5 from other nucleic acid molecules present in the natural source of the nucleic acid. With 
regards to genomic DNA, the term "isolated" refers to a nucleic acid molecule that is free 
of sequences that naturally flank the nucleic acid (i.e., sequences located at the 5' and/or 
3' ends of the nucleic acid) in the genomic DNA of the organism from which the nucleic 
acid is derived. For example, in various embodiments, the isolated nucleic acid molecule 

10 can contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of 5' and/or 3' 
nucleotide sequences that naturally flank the nucleic acid molecule in genomic DNA of 
the cell from which the nucleic acid is derived. Moreover, an "isolated" nucleic acid 
molecule, such as a cDNA molecule, can be substantially free of other cellular material, 
or culture medium when produced by recombinant techniques, or substantially free of 

15 chemical precursors or other chemicals when chemically synthesized. 

The teim "nucleic acid" includes, for example, a recombinant DNA that is 
incorporated into a vector such as an autonomously replicating plasmid or virus. The 
nucleic acids herein can comprise ribonucleotides, deoxyribonucleotides, or modified 
forms of either nucleotide. Isolated nucleic acid sequences can be single or double 

20 stranded and can be polynucleotides or oligonucleotides. 

Unless otherwise defined, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Suitable methods and materials are described below, although 
methods and materials similar or equivalent to those described herein can also be used in 

25 the practice or testing of the present invention. All publications, patent applications, 
patents, and other references mentioned herein are incorporated by reference in their 
entirety. In case of conflict, the present specification, including definitions, will control. 
In addition, the materials, methods, and examples are illustrative only and not intended to 
be limiting. 

30 Other features and advantages of the invention will be apparent from the 

following detailed description, and from the claims. 
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DETAILED DESCRIPTION 
The present invention relates generally to peptide sequences identified by 
translational profiling methods. The invention also relates to polypeptides containing the 
peptide sequences, nucleic acids encoding polypeptides containing the peptide sequences, 
the use of these compositions in methods and systems for analyzing the protein 
composition of cells and cell populations, and methods of using the compositions in the 
diagnosis and treatment of disease as well as in the screening for therapeutic compounds 
to treat disease. 

Polypeptides and Nucleic Acids 

The invention features purified polypeptides comprising a peptide sequence of 
any of SEQ ID NOs: 1-235. Polypeptides can be purified from cells or tissue sources 
using a variety of protein purification techniques. 

Methods of obtaining a purified preparation of a recombinant protein are well 
known in the art and include culturing transformed host cells under culture conditions 
suitable to express the protein, and purifying the resulting protein using known 
purification processes, such as gel filtration or ion exchange chromatography. The 
purification of the protein may also utilize an affinity column containing agents which 
will bind to the protein; one or more column steps over affinity resins such as 
concanavalin A-agarose, heparin-toyopearl® or Cibacrom blue 3GA Sepharose®; one or 
more steps involving hydrophobic interaction chromatography using such resins as 
phenyl ether, butyl ether, or propyl ether; and/or immunoaffinity chromatography. 

Additionally, one or more reverse-phase high performance liquid chromatography 
(RP-HPLC) steps employing hydrophobic RP-HPLC media, e.g., silica gel having 
pendant methyl or other aliphatic groups, can be employed to further purify the protein. 
Some or all of the foregoing purification steps, in various combinations, can also be 
employed to provide a substantially homogenous isolated protein. • The protein thus 
purified is substantially free of other mammalian proteins and is defined in accordance 
with the present invention as a "purified polypeptide." 
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A polypeptide can also be isolated from cells or tissue sources by using an affinity 
molecule to separate the polypeptide from a complex mixture of proteins. For example, a 
polypeptide can be purified by isolating a molecule, e.g., an MHC class I or class II 
molecule, to which the polypeptide is bound and eluting the polypeptide from the 
5 molecule. Alternatively, a polypeptide can be isolated from cells or tissue sources by 
using an anti-polypeptide antibody, e.g., an antibody described herein. Polypeptides or 
fragments thereof can also be synthesized chemically, e.g., by solid phase methods using 
an automated peptide synthesizer. Polypeptides can also be isolated and fragmented in 
vitro by the action of chemical or enzymatic treatments. 

10 The amino acid sequences of the peptides of SEQ ID NOs: 1-235 are presented in 

Table 1 (see Examples). This table indicates the "source protein symbols" from which 
each of the peptides is derived. Symbols are obtained from three places in the following 
order: (a) gene symbol(s) and alias(es) from Locus Link; (b) gene name(s) from 
LocusLink; or (c) Locus titles from LocusLink. The table also provides SEQ ID NOs for 

15 each of the source proteins. The sequences corresponding to the SEQ ID NOs of these 
source proteins were obtained from GenBank™ accession numbers. The accession 
numbers can be viewed by entering (under a "Protein" search) the sequence for the 
"source protein reference" at www.ncbi.nlm.nih.gov/PubMed/. The entire content of 
each of this references is herein incorporated by reference. Many of the respective 

20 GenBank™ accessions also provide a reference to a nucleic acid sequence encoding the 
source protein. These nucleic acid sequences are also incorporated by reference in their 
entirety. 

In some embodiments, the polypeptide does not include more than 200 
consecutive amino acids, e.g., no more than 150, 100, 90, 80, 70, 60, 50, 40, or 30 amino 

25 acids, identical to a portion of a naturally occurring protein from which a peptide of SEQ 
ID NOs: 1-235 is derived. In other embodiments, the polypeptide consists of a peptide of 
any of SEQ ID NOs: 1-235, or a variant peptide as described below. In other 
embodiments, the polypeptide comprises at least 8 contiguous amino acids of an amino 
acid sequence selected from the group consisting of SEQ ID NOs: 1-235. In another 

30 embodiment, the purified polypeptide comprises an amino acid sequence selected from 
the group consisting of SEQ ID NOs: 1-235, wherein the purified polypeptide comprises 
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at least 25 amino acids. In other embodiments, the purified polypeptide comprises fewer 
than 100 or 50 amino acids. 

In another embodiment, the purified polypeptide consists of an amino acid 
sequence selected from the group consisting of SEQ ID NOs: 1-235. In another 
5 embodiment, the purified polypeptide consists essentially of an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 1-235. 

Other embodiments include a polypeptide that contains one or more changes in 
amino acid sequence, e.g., a change in an amino acid residue that is not essential for 
activity, e.g., the ability of the polypeptide to bind to a MHC molecule or to be 

10 recognized by an antibody described herein. Such polypeptides differ in amino acid 
sequence from SEQ ID NOs: 1-235, yet retain biological activity. In one embodiment, 
the polypeptide includes an amino acid sequence at least about 80%, 85%, 90%, 95%, 
98% or more identical to any of SEQ ID NOs: 1-235. In another embodiment the 
polypeptide comprises an amino acid sequence selected from the group consisting of a 

15 variant of any one of SEQ ID NOs: 1-235, wherein the variant has no more than two 
conservative amino acid substitutions. In another embodiment, the polypeptide 
comprises at least an immunogenic portion of a protein, wherein the protein comprises an 
amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235. 

The amino acid residues at particular positions in a polypeptide may include 

20 analogs, derivatives and congeners of any specific amino acid referred to herein. For 

example, the present invention contemplates the use of amino acid analogs wherein a side 
chain is lengthened or shortened while still providing a carboxyl, amino or other reactive 
precursor functional group for cyclization, as well as amino acid analogs having variant 
side chains with appropriate functional groups. For instance, the subject polypeptide can 

25 include an amino acid analog such as P-cyanoalanine, canavanine, djenkolic acid, 

norleucine, 3-phosphoserine, homoserine, dihydroxyphenylalanine, 5-hydroxytryptophan, 
1-methylhistidine, or 3-methylhistidine. Other naturally occurring amino acid 
metabolites or precursors having side chains that are suitable herein will be recognized by 
those skilled in the art and are included in the scope of the present invention. Analogs of 

30 polypeptides can be generated by mutagenesis, such as by discrete point mutation(s), or 
by truncation. For instance, mutation can give rise to analogs that retain substantially the 
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same, or merely a subset, of the biological activity of the polypeptide from which it was 
derived. 

The polypeptides that can be utilized in the present invention also include analogs 
that are resistant to proteolytic cleavage such as those that, due to mutations, alter 
5 ubiquitination or other enzymatic targeting associated with the protein. 

Polypeptide analogs may also be chemically modified to create derivatives by 
forming covalent or aggregate conjugates with other chemical moieties, such as glycosyl 
groups, lipids, phosphate, acetyl groups and the like. Covalent derivatives of proteins can 
be prepared by linking the chemical moieties to functional groups on amino acid 

10 sidechains of the protein or at the N-terminus or at the C-terminus of the polypeptide. 

Modification of the structure of the subject polypeptides can be for such purposes 
as enhancing stability (e.g., ex vivo shelf life and resistance to proteolytic degradation in 
vivo), or post-translational modifications (e.g., to alter the phosphorylation pattern of the 
polypeptide). Such modified peptides, when designed to retain at least one activity of a 

15 naturally-occurring form of the polypeptides disclosed herein, are considered to be their 
functional equivalents. Such modified peptides can be produced, for instance, by amino 
acid substitution, deletion, or addition. 

For example, it is reasonable to expect that an isolated replacement of a leucine 
with an isoleucine or valine, an aspartate with a glutamate, a threonine with a serine, or a 

20 similar replacement of an amino acid with a structurally related amino acid (i.e. isosteric 
and/or isoelectric mutations) will not have a major effect on the biological activity of the 
resulting molecule. Thus, altered nucleic acid sequences encoding polypeptides which 
are encompassed by the invention include deletions, insertions, or substitutions of 
different nucleotides resulting in a polynucleotide that encodes the same or a functionally 

25 equivalent polypeptide. The encoded protein may also contain deletions, insertions, or 
substitutions of amino acid residues which produce a silent change and result in a 
functionally equivalent polypeptide. Deliberate amino acid substitutions may be made on 
the basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, 
and/or the amphipathic nature of the residues as long as the biological activity of the 

30 polypeptide is retained. Conservative replacements are those that take place within a 
family of amino acids that are related in their side chains. Genetically encoded amino 
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acids are can be divided into four families: (1) acidic=aspartate, glutamate; (2) 
basic=lysine, arginine, histidine; (3) nonpolar=alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan; and (4) uncharged polar^glycine, 
asparagine, glutamine, cysteine, serine, threonine, tyrosine (see, e.g., Biochemistry, 2nd 
5 ed., Ed. by L. Stryer, W H Freeman and Co.: 1981). Whether a change in the amino acid 
sequence of a peptide results in a functional analog (e.g., functional in the sense that the 
resulting polypeptide mimics the wild-type form) can be readily determined by assessing 
the ability of the variant peptide to produce a response in cells in a fashion similar to the 
wild-type protein. Polypeptides in which more than one replacement has taken place can 

10 readily be tested in the same manner. 

As set forth above, alterations in primary sequence include genetic variations, 
both natural and induced. Also included are analogs that include residues other than 
naturally occurring L-amino acids, e.g., D-amino acids or non-naturally occurring or 
. synthetic amino acids, e.g., P or 5 amino acids. Alternatively, increased stability or 

15 . solubility may be conferred by cyclizing the peptide molecule. 

A polypeptide of the invention preferably does not contain a peptide sequence 
described in Tables 1-10 of U.S. Patent No. 5,827,516. 

The invention also features purified nucleic acids comprising nucleotides 
encoding polypeptides comprising amino acid sequences selected from the group 

20 consisting of SEQ ID NOs: 1-235 or an amino acid sequence which is at least 95% 

identical to an amino acid sequence selected from the group consisting of SEQ ID NOs: 1- 
235. In another embodiment, the isolated nucleic acid comprises a nucleotide sequence 
that encodes a polypeptide comprising an amino acid sequence selected from the group 
consisting of a variant of any one of SEQ ID NOs: 1-235, wherein the variant has no more 

25 than two conservative amino acid substitutions. 

In another embodiment, the isolated nucleic acid comprises a nucleotide sequence 
encoding a polypeptide consisting of an amino acid sequence selected from the group 
consisting of SEQ ED NOs:l-235. In another embodiment, the isolated nucleic acid 
comprises a nucleotide sequence that encodes a polypeptide comprising at least 8 

30 contiguous amino acids of an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 1-235. In another embodiment, the isolated nucleic acid comprises a 
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. nucleotide sequence encoding a polypeptide consisting essentially of an amino acid 
sequence selected from the group consisting of SEQ JD NOs: 1-235. 

In a further embodiment, the isolated nucleic acid comprises a nucleotide 
sequence encoding a polypeptide comprising no more than 30 contiguous amino acids of 
5 a naturally occurring human protein, wherein the naturally occurring protein comprises 
an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235. 

A nucleic acid encoding a polypeptide described herein can be cloned into an 
expression vector, e.g., a vector in which the coding sequence is operably linked to 
expression control sequences. The need for, and identity of, expression control 

10 sequences will vary according to the type of cell in which the DNA is to be expressed. 
Generally, expression control sequences can include any or all of the following: a 
transcriptional promoter, enhancer, suitable mRNA ribosomal binding sites, translation 
start site, and sequences that terminate transcription and translation, including 
polyadenylation and possibly translational control sequences. Suitable expression control 

15 sequences can be selected by one of ordinary skill in the art. In one example, the vector 
comprises an expression control sequence that directs the expression of the polypeptides 
described herein. In another example, the vector comprises expression control sequences 
that direct expression of the nucleic acid molecule, as described herein. The nucleic acids 
encoding the polypeptides described herein may encode a methionine residue at the 

20 amino terminus of the polypeptide to facilitate translation. Standard methods can be used 
by the skilled person to construct expression vectors. See generally, Sambrook et al., 
,1989, Molecular Cloning: A Laboratory Manual (2nd Edition), Cold Spring Harbor 
Press, N.Y. 

Vectors useful in this invention include linear DNA with transcriptional control 
25 elements, RNA, plasmid vectors, viral vectors, and bacterial vectors. A "plasmid" is an 
autonomous, self-replicating, extrachromosomal, circular DNA. Preferred viral vectors 
are those derived from retroviruses, adenovirus, adeno-associated virus, pox viruses, 
S V40 virus, alpha viruses or herpes viruses. 

Isolated nucleic acids can be used for the in vitro production of polypeptides of 
30 the invention. For example, a cell or cell line can be transfected, transformed, or infected 
with a nucleic acid described herein. After an incubation period that permits expression 
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of a polypeptide encoded by the nucleic acid, the polypeptide can be purified from the 
cell culture media, if secreted, or from a lysate of the cells expressing the polypeptide. 

Fusion Proteins 

5 The invention also provides fusion proteins. A "fusion protein" refers to a 

polypeptide containing a peptide sequence described herein, e.g., a peptide of any of SEQ 
ID NOs: 1-235, and a heterologous amino acid sequence. A "heterologous amino acid 
sequence" refers to a sequence of contiguous amino acids that is not contained within the 
protein from which the peptide sequence is derived, e.g., a naturally occurring protein 

10 that contains any of SEQ ID NOs: 1-235. In other words, a fusion protein is not identical 
to a naturally occurring protein because it contains both a peptide sequence described 
herein as well as an amino acid sequence not contained within the naturally occurring 
protein from which the peptide sequence is derived. The fusion protein can contain a 
heterologous amino acid sequence fused to the N-terminus and/or C-terminus of the 

15 peptide sequence. 

The fusion protein can include a moiety that has a high affinity for a ligand. Such 
fusion proteins, e.g., GST-fusion proteins, can facilitate the purification of recombinant 
polypeptide. Fusion proteins can include all or a part of a serum protein, e.g., an IgG 
constant region, or human serum albumin. 

20 The fusion protein can include a trafficking sequence. A "trafficking sequence" is 

an amino acid sequence that causes a polypeptide to which it is fused to be transported to 
a specific compartment of the cell. An example of a trafficking sequence is a signal 
sequence. In certain host cells (e.g., mammalian host cells), expression and/or secretion 
of a polypeptide can be increased through use of a heterologous signal sequence. For 

25 example a signal sequence can be linked, with or with out a linker, to a polypeptide 
described herein, e.g., a peptide of any of SEQ ID NOs:l-235. 

Fusion proteins of the invention can be used as immunogens. For example, 
administration of a fusion protein, or a nucleic acid encoding a fusion protein, can be 
used to elicit an immune response in a host, e.g., a mammal such as a mouse, rat, or 

30 human. Thus, the invention features an immunogenic composition comprising a 

polypeptide as described herein, the composition when injected into a mammal elicits an 
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immunogenic response directed against a polypeptide as described herein. The 
immunogenic response can be elicited by fragments of the polypeptide or nucleic acids 
encoding fragments of the polypeptide. Such fusion proteins may be useful in the 
development of antibodies, as described below. 

5 

Antibodies 

The invention also includes an antibody, multispecific antibodies (e.g., bispecific 
antibodies), or a fragment thereof (e.g., an antigen-binding fragment thereof) that is 
specific for a peptide sequence described herein, e.g., a peptide of any of SEQ ID NOs:l- 

10 235. The term "antibody" as used herein refers to an immunoglobulin molecule or 
immunologically active portion thereof, i.e., an antigen-binding portion, including 
heterologous and chimeric antibodies.. The antibody can be a polyclonal or a 
monoclonal antibody. In other embodiments, the antibody can be recombinantly 
produced, e.g., produced by phage display or by combinatorial methods. "Antibody 

15 fragments" comprise a portion of a full length antibody, generally the antigen binding or 
variable region thereof. Examples of antibody fragments include Fab, Fab 1 , F(ab')2, and 
Fv fragments and fragments produced by a Fab expression library; diabodies; linear 
antibodies; single-chain antibody molecules; and multispecific antibodies formed from 
antibody fragments. Neutralizing antibodies, (i.e., those which inhibit dimer formation) 

20 are especially preferred for therapeutic use. Various techniques have been developed for 
the production of antibody fragments. Traditionally, these fragments were derived via 
proteolytic digestion of intact antibodies (see, e.g., Morimoto et al., Journal of 
Biochemical and Biophysical Methods 24: 107-117 (1992) and Brennan et al., Science 
229: 81 (1985)). However, these fragments can now be produced directly by recombinant 

25 host cells. For example, Fab ? -SH fragments can be directly recovered from E. coli and 
chemically coupled to form F(ab ? )2 fragments (Carter et al., Bio/Technology 10: 163-167 
(1992)). According to another approach, F(ab')2 fragments can be isolated directly from 
recombinant host cell culture. F(ab')2 fragments can be produced by pepsin digestion of 
the antibody molecule and the Fab fragments which can be generated by reducing the 

30 disulfide bridges of the F^b 1 ^ fragments. Alternatively, Fab expression libraries may be 
constructed to allow rapid and easy identification of monoclonal Fab fragments with the 
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desired specificity (Huse, W. D. et al. (1989) Science 254:1275-1281). Other techniques 
for the production of antibody fragments will be apparent to the skilled practitioner. 

It may be desirable to generate multispecific (e.g. bispecific) humanized 
antibodies, as described herein, having binding specificities for at least two different 

5 epitopes. Exemplary bispecific antibodies may bind to two different epitopes of a protein. 
Alternatively, an arm may be combined with an arm which binds to a triggering molecule 
on a leukocyte such as a T-cell receptor molecule (e.g., CD2 or CD3), or Fc receptors for 
IgG (FagammaJR), such as Fc.gamma.RI (CD64), FcyRII (CD32) and Fc.gamma.Rm 
(CD16) so as to focus cellular defense mechanisms to the protein expressing cell. 

10 Bispecific antibodies may also be used to localize cytotoxic agents to cells which express 
a protein. These antibodies possess a protein-binding arm and an arm which binds the 
cytotoxic agent (e.g., saporin, anti-interferon-.alpha., vinca alkaloid, ricin A chain, 
methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as full 
length antibodies or antibody fragments (e.g., F(ab'>2 bispecific antibodies). 

15 According to another approach for making bispecific antibodies, the interface 

between a pair of antibody molecules can be engineered to maximize the percentage of 
heterodimers which are recovered from recombinant cell culture. The preferred interface 
comprises at least a part of the C H 3 domain of an antibody constant domain. In this 
method, one or more small amino acid side chains from the interface of the first antibody 

20 molecule are replaced with larger side chains (e.g., tyrosine or tryptophan). 

Compensatory "cavities" of identical or similar size to the large side chain(s) are created 
on the interface of the second antibody molecule by replacing large amino acid side 
chains with smaller ones (e.g., alanine or threonine). This provides a mechanism for 
increasing the yield of the heterodimer over other unwanted end-products such as 

25 homodimers. See WO96/2701 1 published Sep. 6, 1996. 

Bispecific antibodies include cross-linked or "heteroconjugate" antibodies. For 
example, one of the antibodies in the heteroconjugate can be coupled to avidin, the other 
to biotin. Heteroconjugate antibodies may be made using any convenient cross-linking 
methods. Suitable cross-linking agents are well known in the art, and are disclosed in 

30 U.S. Pat. No. 4,676,980, along with a number of cross-linking techniques. 
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Techniques for generating bispecific antibodies from antibody fragments have 
also been described in the literature. For example, bispecific antibodies can be prepared 
using chemical linkage. Brennan et al., Science 229: 81 (1985) describe a procedure 
wherein intact antibodies are proteolytically cleaved to generate F(ab')2 fragments. These 
5 fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to 
stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab' 
fragments generated are then converted to thionitrobenzoate (TNB) derivatives. One of 
the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by reduction with 
mercaptoethylamine and is mixed with an equimolar amount of the other Fab-TNB 

10 derivative to form the bispecific antibody. The bispecific antibodies produced can be 
used as agents for the selective immobilization of enzymes. 

Fab'-SH fragments can be recovered from E. coli, which can be chemically 
coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med. 175: 217-225 (1992) 
describe the production of a fully humanized bispecific antibody F(ab')2 molecule. Each 

15 Fab ! fragment was separately secreted from E. coli and subjected to directed chemical 
coupling in vitro to form the bispecific antibody. The bispecific antibody thus formed 
was able to bind to cells overexpressing the HER2 receptor and normal human T cells, as 
well as trigger the lytic activity of human cytotoxic lymphocytes against human breast 
tumor targets 

20 Various techniques for making and isolating bispecific antibody fragments 

directly from recombinant cell culture have also been described. For example, bispecific 

* 

antibodies have been produced using leucine zippers. Kostelny et al., J. Immunol. 148(5): 
1547-1553 (1992). The leucine zipper peptides from the Fos and Jun proteins were linked 
to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers 

25 were reduced at the hinge region to form monomers and then re-oxidized to form the 
antibody heterodimers. This method can also be utilized for the production of antibody 
homodimers. The "diabody" technology described by Hollinger et al., Proc. Natl. Acad. 
Sci. USA 90: 6444-6448 (1993) has provided an alternative mechanism for making 
bispecific antibody fragments. The fragments comprise a heavy-chain variable domain 

30 (Vh) connected to a light-chain variable domain (VO by a linker which is too short to 
allow pairing between the two domains on the same chain. Accordingly, the Vh and V L 
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domains of one fragment are forced to pair with the complementary Vl and Vh domains 
of another fragment, thereby forming two antigen-binding sites. Another strategy for 
making bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also 
been reported. See Gruber et al., J. Immunol. 152: 5368 (1994). Alternatively, the 
5 bispecific antibody may be a "linear antibody" produced as described in Zapata et al. 
Protein Eng. 8(10): 1057-1062 (1995). 

The term "monoclonal antibody" as used herein refers to an antibody obtained 
from a population of substantially homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible naturally occurring mutations 

10 that may be present in minor amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include different antibodies directed 
against different determinants (epitopes), each monoclonal antibody is directed against a 
single determinant on the antigen. The modifier "monoclonal" indicates the character of 

15 the antibody as being obtained from a substantially homogeneous population of 

antibodies, and is not to be construed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies to be used in accordance with 
the present invention may be made by the hybridoma method first described by Kohler et 
al., Nature 256: 495 (1975), or may be made by recombinant DNA methods (see, e.g., 

20 U.S. Pat. No. 4,816,567). The "monoclonal antibodies" may also be isolated from phage 
antibody libraries using the techniques described in Clackson et al., Nature 352: 624-628 
(1991) and Marks et al, J. Mol. Biol. 222: 581-597 (1991), for example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies 
(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or 

25 homologous to corresponding sequences in antibodies derived from a particular species 
or belonging to a particular antibody class or subclass, while the remainder of the 
chain(s) is identical with or homologous to corresponding sequences in antibodies 
derived from another species or belonging to another antibody class or subclass, as well 
as fragments of such antibodies, so long as they exhibit the desired biological activity 

30 (U.S. Pat. No. 4,816,567; and Morrison et al., Proc. Natl. Acad Sri. USA 81: 6851-6855 
(1984)). 
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Polyclonal antibodies are preferably raised in animals by multiple subcutaneous 
(sc) or intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be 
useful to conjugate the relevant antigen to a protein that is immunogenic in the species to 
be immunized, e.g., keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or 
5 soybean trypsin inhibitor using a Afunctional or deri vatizing agent, for example, 
maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine residues), N- 
hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic anhydride, 
SOCl 2 , or R 1 N=C=NR, where R and R 1 are different alkyl groups. 

A polypeptide described herein, e.g., a peptide of any of SEQ ID NOs:l-235, can 

10 be used as an immunogen or can be used to identify antibodies made with other 
immunogens, e.g., cells, membrane preparations, and the like. Polypeptides can be 
expressed on the cell surface enabling the binding of an antibody, as described herein, 
that is specific to the polypeptide. Alternately, an antibody described herein may bind to 
a polypeptide described herein, where the polypeptide is a target of a second antibody 

1 5 located on the cell surface. 

An antibody (e.g., a monoclonal antibody) can be used to isolate a polypeptide 
described herein by standard techniques, such as affinity chromatography or 
immunoprecipitation. Moreover, an antibody can be used to detect the polypeptide (e.g., 
in a cellular lysate or cell supernatant) in order to evaluate the abundance and pattern of 

20 expression of the protein. 

Furthermore, an antibody can be used to target a protein in vivo for a variety of 
purposes including disease screening, diagnosis, and treatment. For example, an 
antibody can be modified to include a toxin and/or a detectable label, as described herein. 
Antibodies coupled to a toxic agent can be particularly useful to target and destroy 

25 diseased or infected cells. 

An antibody can be coupled to a toxin, e.g., a polypeptide toxin, e.g., ricin or 
diphtheria toxin or active fragment thereof, or a radioactive nucleus, or imaging agent, 
e.g. a radioactive, enzymatic, or other, e.g., imaging agent, e.g., a NMR contrast agent 
Toxins can be optionally in an inactive state and be subject to activation following their 

30 administration to a subject (e.g., activation via radio energy, irradiation with x-rays, or 
other penetrating rays). Labels which produce detectable radioactive emissions or 
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fluorescence are preferred. Examples of detectable substances that can be coupled to an 
antibody include various enzymes, prosthetic groups, fluorescent materials, luminescent 
materials, bioluminescent materials, and radioactive materials. 

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric 
5 antibodies which contain minimal sequence derived from non-human immunoglobulin. 
For the most part, humanized antibodies are human immunoglobulins (recipient 
antibody) in which hypervariable region residues of the recipient are replaced by 
hypervariable region residues from a non-human species (donor antibody) such as mouse, 
rat, rabbit or nonhuman primate having the desired specificity, .affinity, and capacity. 

10 The resulting antibody is one in which amino acids have been replaced in the non-antigen 
binding regions in order to more closely resemble a human antibody, while still retaining 
the original binding ability. In some instances, Fv framework region (FR) residues of the 
human immunoglobulin are replaced by corresponding non-human residues. 
Furthermore, humanized antibodies may comprise residues which are not found in the 

15 recipient antibody or in the donor antibody. These modifications are made to further 
refine antibody performance. In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable domains, in which all or 
substantially all of the hypervariable loops correspond to those of a n&n-human 
immunoglobulin and all or substantially all of the FR regions are those of a human 

20 immunoglobulin sequence. The humanized antibody optionally also will comprise at least 
a portion of an immunoglobulin constant region (Fc), typically that of a human 
immunoglobulin. For further details, see Jones et al., Nature 321: 522-525 (1986); 
Reichmann et al, Nature 332: 323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2: 593- 
596 (1992). 

25 "Single-chain Fv" or H sFv" antibody fragments comprise the V H and V. L domains 

of antibody, wherein these domains are present in a single polypeptide chain. Generally, 
the Fv polypeptide further comprises a polypeptide linker between the V H and V L 
domains which enables the sFv to fonn the desired structure for antigen binding. For a 
review of sFv see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113, 

30 Rosenburg and Moore eds. Springer- Verlag, New York, pp. 269-315 (1994). 
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Humanized antibodies can be produced, for example by transgenic non-human 
animals. Such animals are capable of producing heterologous antibodies of multiple 
isotypes. Heterologous antibodies are encoded by immunoglobulin heavy chain genes 
not normally found in the genome of that species of non-human animal. Transgenic non- 

5 human animals (e.g., mammals) can be of a variety of species including murine (rodents 
(e.g., mice, rats), avian (chicken, turkey, fowl), bovine (beef, cow, cattle), ovine (lamb, 
sheep, goats), porcine (pig, swine), and piscine (fish). Transgenic non-human animals 
can be produced by introducing transgenes into the germline of the non-human animal. 
A "transgene" means a nucleic acid sequence (encoding, e.g., a human Fc receptor), 

10 which is partly or entirely heterologous, i.e., foreign, to the transgenic animal or cell into 
which it is introduced, or, is homologous to an endogenous gene of the transgenic animal 
or cell into which it is introduced, but which is designed to be inserted, or is inserted, into 
the animal's genome in such a way as to alter the genome of the cell into which it is 
inserted (e.g., it is inserted at a location which differs from that of the natural gene or its 

15 insertion results in a knockout). A transgene can include one or more transcriptional 
regulatory sequences and any other nucleic acid, such as introns, that may be necessary 
for optimal expression of a selected nucleic acid. Methods of producing transgenic 
animals and humanized antibodies are for example described in U.S. patents 5,569,825, 
5,770,429, and 6,11,166. 

20 Humanized antibodies can be bound to labels or be in the form of a conjugate 

bound to a cytotoxic agent. The word "label" when used herein refers to a detectable 
compound or composition which is conjugated directly or indirectly to the antibody. The 
label may itself be detectable by itself (e.g., radioisotope labels or fluorescent labels) or, 
in the case of an enzymatic label, may catalyze chemical alteration of a substrate 

25 compound or composition which is detectable. The term "cytotoxic agent" as used 
herein refers to a substance that inhibits or prevents the function of cells and/or causes 
destruction of cells. The term is intended to include radioactive isotopes (e.g., I. 131 , 1 125 , 
Y 90 and Re 186 ), chemotherapeutic agents, and toxins such as enzymatically active toxins 
of bacterial, fungal, plant or animal origin, or fragments thereof. A "chemotherapeutic 

30 agent" is a chemical compound useful in the treatment of cancer. Examples of 

chemotherapeutic agents include Adriamycin, Doxorubicin, 5-Huorouracil, Cytosine 
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arabinoside (" Ara-C"), Cyclophosphamide, Thiotepa, Taxotere (docetaxel), Busulfan, 
Cytoxin, Taxol, Methotrexate, Cisplatin, Melphalan, Vinblastine, Bleomycin, Etoposide, 
Ifosfamide, Mitomycin C, Mitoxantrone, Vincieistine, Vinorelbine, Carboplatin, 
Teniposide, Daunomycin, Canninomycin, Aminopterin, Dactinomycin, Mitomycins, 
5 Esperamicins (see U.S. Pat. No. 4,675,187), Melphalan and other related nitrogen 
mustards. 

Covalent modifications of the humanized antibody are also included within the 
scope of this invention. They may be made by chemical synthesis or by enzymatic or 
chemical cleavage of the antibody, if applicable. Other types of covalent modifications of 

10 the antibody are introduced into the molecule by reacting targeted amino acid residues of 
the antibody with an organic derivatizing agent that is capable of reacting with selected 
side chains or the N- or C-terminal residues. 

Cysteinyl residues most commonly are reacted with .alpha.-haloacetates (and 
corresponding amines), such as chloroacetic acid or chloroacetamide, to give 

15 carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl residues also are 
derivatized by reaction with bromotrifluoroacetone, ,alpha.-bromo-.beta.-(5- 
imidozoyl)propionic acid, chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl 
disulfide, methyl 2-pyridyl disulfide, p-chloromercuribenzoate, 2-chloromercuri-4- 
nitrophenol, or chloro-7-nitrobenzo-2-oxa-l,3-diazole. 

20 Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5- 

7.0 because this agent is relatively specific for the histidyl side chain. Para- 
bromophenacyl bromide also is useful; the reaction is preferably performed in 0.1 M 
sodium cacodylate at pH 6.0. 

Lysinyl and amino-terminal residues are reacted with succinic or other carboxylic 

25 acid anhydrides. Derivatization with these agents has the effect of reversing the charge of 
the lysinyl residues. Other suitable reagents for derivatizing ,alpha.-amino-containing 
residues include imidoesters such as methyl picolinimidate, pyridoxal phosphate, 
pyridoxal, chloroborohydride, trinitrobenzenesulfonic acid, O-methylisourea, 2,4- 
pentanedione, and transaminase-catalyzed reaction with glyoxylate. 

30 Arginyl residues are modified by reaction with one or several conventional 

reagents, among them phenylglyoxal, 2,3-butanedione, 1,2-cyclohexanedione, and 
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ninhydrin. Derivatization of arginine residues requires that the reaction be performed in 
alkaline conditions because of the high pKa of the guanidine functional group. 
Furthermore, these reagents may react with the groups of lysine as well as the arginine 
epsilon-amino group. 

5 The specific modification of tyrosyl residues may be made, with particular 

interest in introducing spectral labels into tyrosyl residues by reaction with aromatic 
diazonium compounds or tetranitromethane. Most commonly, N-acetylimidizole and 
tetranitromethane are used to form O-acetyl tyrosyl species and 3-nitro derivatives, 
respectively. Tyrosyl residues are iodinated using 125 1 or 131 1 to prepare labeled proteins 

10 for use in radioimmunoassay. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction 
with carbodiimides (R-N=C=N-R'), where R and R' are different alkyl groups, such as 1- 
cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or l-ethyl-3-(4-azonia-4,4- 
dimethylpentyl) carbodiimide. Furthermore, aspartyl and glutamyl residues are converted 

15 to asparaginyl and glutaminyl residues by reaction with ammonium ions. 

Glutaminyl and asparaginyl residues are frequently deamidated to the 
corresponding glutamyl and aspartyl residues, respectively. These residues are 
deamidated under neutral or basic conditions. The deamidated form of these residues falls 
within the scope of this invention. 

20 Other modifications include hydroxylation of proline and lysine, phosphorylation 

of hydroxyl groups of seryl or threonyl residues, methylation of the .alpha.-amino groups 
of lysine, arginine, and histidine side chains (T. E. Creighton, Proteins: Structure and 
Molecular Properties, W.H, Freeman & Co., San Francisco, pp. 79-86 (1983)), 
acetylation of the N-terminal amine, and amidation of any C-terminal carboxyl group. 

25 Another type of covalent modification involves chemically or enzymatically 

coupling glycosides to the antibody. These procedures are advantageous in that they do 
not require production of the antibody in a host cell that has glycosylation capabilities for 
N- or O-linked glycosylation. Depending on the coupling mode used, the sugar(s) may be 
attached to (a) arginine and histidine, (b) free carboxyl groups, (c) free sulfhydryl groups 

30 such as those of cysteine, (d) free hydroxyl groups such as those of serine, threonine, or 
hydroxyproline, (e) aromatic residues such as those of phenylalanine, tyrosine, or 
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Also included in the invention is an isolated nucleic acid, as described herein, 
encoding a humanized antibody, described herein, as well as a vector comprising the 
nucleic acid and a cell comprising the vector. 

Antibodies can be used to modulate the activity of a polypeptide of the invention, 
5 as described herein. The invention includes a method for modulating the activity of the 
polypeptide of the invention, the method comprising contacting the polypeptide with a 
compound that binds to the polypeptide in a concentration sufficient to modulate the activity 
of the polypeptide. The compound that binds to the polypeptide can be an antibody as 
described herein. 

10 The invention also features a method of making an antibody, the method comprising 

(a) providing a polypeptide described herein to a mammal in an amount effective to induce 
the production of an antibody that binds to the polypeptide; (b) isolating from the mammal a 
cell that produces an antibody that selectively binds to a polypeptide as described herein; (c) 
immortalizing the cell isolated in step (b); and (d) isolating antibodies from the immortalized 

15 cell. 

The invention also includes a method of selecting an antibody, the method 
comprising: (a) contacting a polypeptide as described herein with an in vitro library of 
antibodies; (b) binding an antibody to the polypeptide; and (c) selecting the antibody that 
binds to the polypeptide. 

20 The invention also includes a nucleic acid that encodes an antibody described 

herein. Also included are vectors that include the nucleic acid and cells transformed with 
the nucleic acid, particularly cells which are useful for producing an antibody, e.g., 
mammalian cells, e.g. CHO or lymphatic cells. 

The invention also includes cell lines, e.g., hybridomas, which make an antibody 

25 described herein, and method of using said cells to make an antibody. 

Also included in the invention are anti-peptide antibodies. An anti-peptide 
antibody is an antibody that binds to the amino acid sequence of a peptide described 
herein, e.g., a peptide of any of SEQ ID NOs: 1-235. In one example, the antibody is 
capable of recognizing the peptide when the peptide is bound to an MHC class I or 

30 class II molecule. The antibody can recognize either the peptide sequence or a 
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sequences, 5' and 3' untranslated regions, alternatively spliced exons, introns, promoters, 
enhancers, and silencer or repressor elements. 

In addition to sequence analysis, a gene and/or a cDNA encoding a protein 
containing a peptide described herein can be isolated by methods well known to those of 

5 skill in the art. Isolation of a gene or a cDNA is especially relevant for peptides that lack 
a genomic match, but can also be useful to verify the nucleotide sequence that encodes 
any peptide. The skilled artisan will appreciate that a number of methods are known in the 
. art to identify and isolate genes or cDNAs using amino acid information, and will know how 
to identify and practice such methods. See, for example, Sambrook et aU 1989 Molecular 

10 Cloning: A Laboratory Manual 2nd ed. Cold Spring Harbor Laboratory Press; Ausubel et 
aL Current Protocols in Molecular Biology, Greene Publishing Associates and Wiley 
Interscience, N.Y. (current edition). Such methods include the preparation of degenerate 
probes or primers based upon the peptide amino acid sequence and using such primers for 
identification and/or amplification of genes and or cDNAs in appropriate libraries or 

15 other sources of genomic materials. The chromosomal location of the gene encoding the 
protein from which a peptide is derived may be determined, for example, by hybridizing 
appropriately labeled nucleic acids to chromosomes in situ. 

Detection of Protein Expression 

20 The compositions and methods described herein can be used to determine the 

protein composition of a cell. The detection of mRNA within a cell, for example by 
Northern analysis or RT-PCR, does not indicate whether the mRNA is translated, much 
less how much of the corresponding protein is produced in the cell. Detection of a 
peptide described herein indicates that the protein from which it is derived has been 

25 produced by the cell. Thus, the invention includes a method of determining the protein 
composition of a cell (or tissue sample) by detecting the presence of a peptide described 
herein to thereby determine that the cell (or tissue sample) expresses the protein from 
which the peptide is derived. The method can be used to determine the presence of a 
peptide and/or the protein from which it is derived, and optionally the quantity of a 

30 peptide and/or protein produced by a cell. 
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Li addition to the "translation^ verification" described above, the peptides can be 
used to determine the reading frame that is being used by a gene. For example, the 
detection of an mRNA or a portion of an mRNA does not automatically indicate the 
amino acid sequence of the corresponding protein. The peptides described herein can 
5 thus be used to discover reading frames of genes that are being expressed. 

Protein Classifications 

The peptides described herein belong to a wide variety of functional biological 
classes. Many of the classes to which particular peptides belong are described in the 
10 Table presented in the Examples. Members of many of these classes of proteins have 
been well-characterized as participating in important biological pathways and/or have 
been implicated in a variety of disease conditions. Several of these classes are described 
in more detail below. 

15 Kinases 

As described in Examples 1 and 2 (and the accompanying table), many of the 
peptides described herein are derived from proteins that appear to be kinases. Kinases 
catalyze the transfer of high energy phosphate groups from a phosphate donor to a 
phosphate acceptor. Nucleotides usually serve as the phosphate donor in these reactions, 

20 with most kinases utilizing adenosine triphosphate (ATP). Reversible protein 

phosphorylation is a primary method for regulating protein activity in eukaryotic cells. In 
general, proteins are activated by phosphorylation in response to extracellular signals 
such as hormones, neurotransmitters, and growth and differentiation factors. The 
activated proteins initiate the cell's intracellular response by way of intracellular 

25 signaling pathways and second messenger molecules, such as cyclic nucleotides, 
calcium-calmodulin, inositol, and various mitogens, that regulate protein 
phosphorylation. 

Kinases are involved in many aspects of a cell's function, from basic metabolic 
processes such as glycolysis, to cell-cycle regulation, differentiation, and communication 
30 with the extracellular environment through signal transduction cascades. Kinase targets 
include proteins, inositol, lipids, and nucleotides. Inappropriate phosphorylation of 
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proteins in cells has been linked to changes in cell cycle progression and cell 
differentiation. Changes in cell cycle progression have been linked to induction of 
apoptosis or cancer. Changes in cell differentiation have been linked to diseases and 
disorders of the reproductive system, immune system, and skeletal muscle. 
5 Table 1 lists several of the peptides described herein that appear, based upon 

structural homology, to belong to the kinase superfamily. These peptides (and their 
corresponding source proteins) can therefore be used to treat disorders associated with 
inappropriate phosphorylation of kinase targets, e.g., disorders associated with changes in 
cell cycle progression and/or cell differentiation, or to screen for agonists and antagonists 

10 useful for the same purpose. In addition, nucleic acids encoding the proteins as well as 
compounds (e.g., antibodies) that recognize the proteins can be used in a wide variety of 
applications described herein, including therapeutics, diagnostics, and drug screening. 

The invention therefore includes the following peptides as kinases: SEQ ID NO:7, 
SEQ ID NO: 12, SEQ ID NO:32, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:45, SEQ 

15 ID NO:85, SEQ ID NO:90, SEQ ID NO:95, SEQ ID NO:118, SEQ ID NO:140, SEQ ID 
NO: 181, and SEQ ID NO:185. 

Phosphatases 

As described in Examples 1 and 2 (and the accompanying table), many of the 
20 peptides described herein are derived from proteins that appear to be phosphatases. 

Phosphatases are characterized as tyrosine-specific or serine/threonine-specific based on 
their preferred phospho-amino acid substrate. Some phosphatases exhibit dual specificity 
for both phospho-tyrosine and phospho-serine/threonine residues. 

Serine/threonine phosphatases play important roles in glycogen metabolism, 
25 muscle contraction, protein synthesis, oocyte maturation, and hepatic metabolism. 
(Cohen, P. (1989) Annu. Rev. Biochem. 58:453-508). Tyrosine phosphatases play 
important roles in lymphocyte activation and cell adhesion. In addition, the genes 
encoding several tyrosine phosphatases have been mapped to chromosomal regions that 
are translocated or rearranged in various neoplastic conditions, including lymphoma, 
30 leukemia, small cell lung carcinoma, adenocarcinoma, and neuroblastoma (Charbonneau, 
H. and Tonks, N. K. (1992) Annu. Rev. Cell Biol. 8:463-493). Because cellular 
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energy obtained from ATP hydrolysis to actively transport an ion against the ion's 
concentration gradient. Gated ion channels allow passive flow of an ion down the ion's 
electrochemical gradient under restricted conditions. Together, these types of ion 
channels generate, maintain, and utilize an electrochemical gradient that is used in 1) 
5 electrical impulse conduction down the axon of a nerve cell, 2) transport of molecules 
into cells against concentration gradients, 3) initiation of muscle contraction, and 4) 
endocrine cell secretion. 

The etiology of numerous human diseases and disorders can be attributed to 
defects in the transport of molecules across membranes. Defects in the trafficking of 

10 membrane-bound transporters and ion channels are associated with several disorders, 
e.g., cystic fibrosis, glucose-galactose malabsorption syndrome, hypercholesterolemia, 
von Gierke disease, and certain forms of diabetes mellitus. Single-gene defect diseases 
resulting in an inability to transport small molecules across membranes include, e.g., 
cystinuria, iminoglycinuria, Hartup disease, and Fanconi disease (vant Hoff, W.G. (1996) 

15 Exp. Nephrol. 4:253-262; Talente, G.M. et al. (1994) Ann. Intern. Med. 120:218-226; 
and Chillon, M. et al. (1995) New Engl. J. Med. 332:1475-1480). 

Human diseases caused by mutations in ion channel genes include disorders of 
skeletal muscle, cardiac muscle, and the central nervous system. Mutations in the pore 
forming subunits of sodium and chloride channels cause myotonia, a muscle disorder in 

20 which relaxation after voluntary contraction is delayed. Sodium channel myotonias have 
been treated with channel blockers. Mutations in muscle sodium and calcium channels 
cause forms of periodic paralysis, while mutations in the sarcoplasmic calcium release 
channel and muscle sodium channel cause malignant hyperthermia. Cardiac arrythmia 
disorders such as the long QT syndromes and idiopathic ventricular fibrillation are caused 

25 by mutations in potassium and sodium channels (Cooper, E.C. and L.Y. Jan (1998) Proc. 
Natl. Acad. Sci. USA 96:4759-4766). All four known human idiopathic epilepsy genes 
code for ion channel proteins (Berkovic, S.F. and LE. Scheffer (1999) Curr. Opin. 
Neurology 12:177 182). Other neurological disorders such as ataxias and hereditary 
deafness can also result from mutations in ion channel genes (Jen, J. (1999) Curr. Opin. 

30 Neurobiol. 9:274-280). 
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Ion channels have been the target for many drug therapies. In particular, 
neurotransmitter-gated channels have been targeted in therapies for treatment of 
insomnia, anxiety, depression, and schizophrenia. Voltage-gated channels have been 
targeted in therapies for arrhythmia, ischemia, stroke, head trauma, and 
5 neurodegenerative disease (Taylor, CP. and L. S. Narasimhan (1997) Adv. Pharmacol. 
39:47-98). 

Various classes of ion channels also play an important role in the perception of 
pain, and thus are potential targets for new analgesics. These include the vanilloid-gated 
ion channels, which are activated by the vanilloid capsaicin, as well as by noxious heat. 

10 Local anesthetics such as lidocaine and mexiletine which blockade voltage-gated ion 
channels have been useful in the treatment of neuropathic pain. 

Ion channels in the immune system have been suggested as targets for 
immunomodulation. T-cell activation depends upon calcium signaling, and a diverse set 
of T-cell specific ion channels has been characterized that affect this signaling process. 

15 Channel blocking agents can inhibit secretion of lymphokines, cell proliferation, and 
killing of target cells. 

Table 1 lists several of the peptides described herein that appear, based upon 
structural homology, to be transporters. These peptides (and their corresponding source 
proteins) can therefore be used to treat disorders associated with inappropriate transporter 

20 expression or activity. Examples of such disorders include neurological, muscle, and 
immunological disorders, or to screen for agonists and antagonists useful for the same 
purpose. In addition, nucleic acids encoding the proteins as well as compounds (e.g., 
antibodies) that recognize the proteins can be used in a wide variety of applications 
described herein, including therapeutics, diagnostics, and drug screening. 

25 The invention therefore includes the following peptides as transporters: SEQ ID NO: 1 , 
SEQ ID NO:25, SEQ ID NO:48, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:56, SEQ 
ID NO:58, SEQ ID NO:59, SEQ ID NO:61, SEQ ED NO:62, SEQ ID NO:63, SEQ ID 
NO:64, SEQ ID NO:77, SEQ ID NO:78, SEQ ID NO:79, SEQ ID NO:80, SEQ ID 
NO:81, SEQ ID NO:82, SEQ ID NO:83, SEQ ID NO:84, SEQ ID NO:90, SEQ ID 

30 NO:94, SEQ ID NO:100, SEQ ID NO:ll6, SEQ ID NO:128, SEQ ID NO:130, SEQ ID 
NO:131, SEQ ID NO:132, SEQ ID NO:133, SEQ ID NO:141, SEQ ID NO:170, SEQ ID 
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NO:178, SEQ ID NO:187, SEQ ID NO:189, SEQ ID NO:203, SEQ ID NO:207, SEQ ID 
NO:219, and SEQ ID NO:234. 

Cvtoskeletal Proteins 

5 As described in Examples 1 and 2 (and the accompanying table), many of the 

peptides described herein are derived from proteins that appear to be cytoskeletal 
proteins. The physical-biochemical processes of cell motility, organelle movement, 
chromosome movement, cytokinesis, and generation of cell shape are all dependent on a 
complex of protein fibers found in the cytoplasm. This protein complex is termed the 
10 cytoskeleton. The cytoskeleton of eukaryotic cells has three major filamentous systems. 
These systems are the actin filaments, intermediate filaments, and microtubules. Each of 
these filamentous systems is assembled from different proteins, including actin, myosin, 
tubulins, and intermediate filament proteins. Different cell types and tissues express 
specific isoforms of the proteins which comprise these filaments. In some cases distinct 
15 isoforms and mRNA splice variants are associated with cell-type specific functions 
(Lees-Miller, J.P. and Helfman, D.M. (1991) BioEssays 13:429-437). 

Cell motility is governed by the interaction between cytoskeletal and other 
cellular proteins. Cytoskeletal proteins that are involved in the generation of motive 
force within the cell are termed contractile proteins. Cytoskeletal proteins are involved in 
20 the regulation of muscle contraction. Vertebrate smooth muscle contraction is dependent 
upon levels of cAMP and intracellular calcium ions. 

Cytoskeletal proteins are implicated in several diseases. Pathologies such as 
muscular dystrophy, nephrotic syndrome, and dilated cardiomyopathy have been 
associated with differential expression of alpha-actinin-3 (Vainzof, M. et al. (1997) 
25 Neuropediatrics 28:223-228; Smoyer, W.E. and Mundel, P. (1998) J. Mol. Med. 76: 172- 
183; and Sussman, M.A. et al. (1998) J. Clin. Invest. 101:51-61). Alpha actinin and 
several microtubule associated proteins (MAPs) are present in Hirano bodies, which are 
observed more frequently in the elderly and in patients with neurodegenerative diseases 
such as Alzheimer's disease (Maciver, S.K. and Harrington, C.R. (1995) Neuroreport. 
30 6:1985-1988). Actinin-4, an actin-bundling protein, appears to be associated with the cell 
motility of metastatic cancer cells. Other disease associations include premature 
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chromosome condensation, which is frequently observed in dividing cells from tumor 
tissue (Murnane, J.P.(1995) Cancer Metastasis Rev. 14:17 29), and the significant roles 
of axonernal and assembly MAPs in viral pathogenesis (Sodeik, B. et al. (1997) J. Cell 
BioL 136:1007 1021). 

5 Table 1 lists several of the peptides described herein that appear, based upon 

structural homology, to be cytoskeletal proteins. These peptides (and their corresponding 
source proteins) can therefore be used to treat disorders associated with inappropriate 
cytoskeletal protein expression or activity. Examples of such disorders include cell 
proliferative, immunological, vesicle trafficking, reproductive, smooth muscle, 

10 developmental, and nervous disorders, or to screen for agonists and antagonists useful for 
the same purpose. In addition, nucleic acids encoding the proteins as well as compounds 
(e.g., antibodies) that recognize the proteins can be used in a wide variety of applications 
described herein, including therapeutics, diagnostics, and drug screening. 

The invention therefore includes the following peptides as cytoskeletal proteins: 

15 SEQ ID NO:118, SEQ ID NO:144, SEQ ID NO:177, SEQ ID NO:183, and SEQ ID 
NO:185. 

Receptors 

As described in Examples 1 and 2 (and the accompanying table), many of the 
20 peptides described herein are derived from proteins that appear to be receptors. 

Receptors are a broad category of proteins that specifically recognize other molecules. 
Many receptors are cell surface proteins that bind extracellular ligands and produce 
cellular responses in the areas of growth, differentiation, endocytosis, and immune 
response. Other receptors facilitate the selective transport of proteins out of the 
25 endoplasmic reticulum and localize enzymes to particular locations in the cell. The 
propagation of cellular signals and the transport and localization of proteins rely upon 
specific interactions between receptors and a variety of associated proteins. Examples of 
families of receptors include: G-protein Coupled Receptors (GPCRs); MHC molecules; 
hormone receptors; and TNF receptor superf amily members. 
30 Receptor-mediated signal transduction is the process whereby cells communicate 

with one another and respond to extracellular signals via a series of biochemical events. 
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Extracellular signals are transduced through a biochemical cascade that begins with the 
binding of a signal molecule to a cell membrane receptor. The signal is propagated to 
effector molecules by intracellular signal transducing proteins and culminates with the 
activation of an intracellular target molecule. The process of signal transduction 

5 regulates a wide variety of cell functions including cell proliferation, cell differentiation, 
induction of immune responses, and gene transcription. 

Table 1 lists several of the peptides described herein that appear, based upon 
structural homology, to be receptors. These peptides (and their corresponding source 
proteins) can therefore be used to treat disorders associated with inappropriate receptor 

10 expression or activity. Examples of such disorders include immunological disorders 
(including autoimmune/inflammatory disorders) and cell proliferative disorders 
(including cancer), or to screen for agonists and antagonists useful for the same purpose. 
In addition, nucleic acids encoding the proteins as well as compounds (e.g., antibodies) 
that recognize the proteins can be used in a wide variety of applications described herein, 

15 including therapeutics, diagnostics, and screening. 

The invention therefore includes the following peptides as receptors: SEQ ID 
NO:l, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:41, SEQ ID NO:44, SEQ ID NO:45, 
SEQ ID NO:46, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ 
ID NO:54, SEQ ID NO:55, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID 

20 NO:60, SEQ ID NO:61 , SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID 
NO:66, SEQ ID NO:67, SEQ ID NO:69, SEQ ID NO:77, SEQ ID NO:78, SEQ ID 
NO:79, SEQ ID NO:80, SEQ ID NO:81, SEQ ID NO:82, SEQ ID NO:83, SEQ ID 
NO:84, SEQ ID NO:86, SEQ ID NO:88, SEQ ID NO:89, SEQ ID NO:90, SEQ ID 
NO:91, SEQ ID NO:92, SEQ ID NO:94, SEQ ID NO.100, SEQ ID NO:104, SEQ ID 

25 NO:112, SEQ ID NO:121, SEQ ID NO:122, SEQ ID NO:123, SEQ ID NO:128, SEQ ID 
NO:129, SEQ ID NO:133, SEQ ID NO:135, SEQ ID NO:143, SEQ ID NO:145, SEQ ID 
NO:147, SEQ ID NO:150, SEQ ID NO:161, SEQ ID NO:164, SEQ ID NO:166, SEQ ID 
NO:168, SEQ ID NO:170, SEQ ID NO:171, SEQ ID NO:172, SEQ ID NO:173, SEQ ID 
NO:174, SEQ ID NO: 175, SEQ ID NO: 176, SEQ ED NO:180, SEQ ID NO:187, SEQ ID 

30 NO:188, SEQ ID NO:194, SEQ ID NO:21 1, SEQ ID NO:217, SEQ ID NO:218, SEQ ID 
NO:219, SEQ ID NO:221, and SEQ ID NO:230. 
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Transcription Factors 

As described in Examples 1 and 2 (and the accompanying table), many of the 
peptides described herein are derived from proteins that appear to be transcription factors. 

5 Regulation of gene transcription is the primary process by which a cell controls the 

appropriate expression of the multitude of genes necessary for growth and differentiation. 
The selective expression of genes at appropriate times is highly specialized in cells of 
multicellular organisms and permits the cells to perform "housekeeping" functions and 
respond to changes in theiif environment. These changes involve extracellular signals 

10 from a variety of sources such as hormones, neurotransmitters, and growth and 
differentiation factors. 

Gene transcription is controlled by proteins termed transcription factors. 
Transcription factors act by binding to a short segment of DNA located near the site of 
transcription initiation. Binding of a transcription factor to the target DNA activates 

15 transcription of the gene. Transcription factors contain a variety of structural motifs that, 
alone or in combination with one another, permit them to recognize and bind to the wide 
variety of target DNA sequences. 

One group of transcription factors, the TFEHA subclass of zinc-finger proteins, is 
characterized by an amino acid motif (a cysteine followed by two to four amino acids, a 

20 cysteine, twelve amino acids, a histidine, three to four amino acids, and a histidine) that 
interacts with zinc ions. The carboxyl terminus of the TFEHA proteins has three of these 
"zinc finger" motifs and specifically binds to DNA fragments containing a CACCC 
pattern. The amino-terminal portion of the IH11A proteins is proline and serine-rich and 
can function as a transcriptional activator. TFEDLA proteins are often important for the 

25 proper differentiation of tissues in which they are expressed. 

Table 1 lists several of the peptides described herein that appear, based upon 
structural homology, to be transcription factors. These peptides (and their corresponding 
source proteins) can therefore be used to treat disorders associated with inappropriate 
transcription factor expression or activity, or to screen for agonists and antagonists useful 

30 for the same purpose. Examples of such disorders include cancer, arthritis, and 
developmental disorders. In addition, nucleic acids encoding the proteins as well as 
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compounds (e.g., antibodies) that recognize the proteins can be used in a wide variety of 
applications described herein, including therapeutics, diagnostics, and screening. 

The invention therefore includes the following peptides as transcription factors: 
SEQ ID NO:2, SEQ ID NO:10, SEQ ID NO: 14, SEQ ID NO:15, SEQ ID NO:22, SEQ 
5 ID NO:27, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:40, SEQ ID NO:43, SEQ ID 
NO:96, SEQ ID NO:102, SEQ ID NO:117, SEQ ID NO:120, SEQ ID NO:138, SEQ ID 
NO:177, SEQ ID NO:183, SEQ ID NO:184, and SEQ ID NO:208. 

Therapeutics 

10 As described above, many of the peptides of SEQ ID NOs:l-235 belong to 

biological classes of proteins that have been implicated in a wide variety of disease 
conditions. These biological classes include kinases, phosphatases, receptors, proteases, 
transcription factors, transporters (such as ion channels), and cytoskeletal proteins. 
Additional biological classifications of many of the peptides of SEQ ID NOs: 1-235 are 

15 detailed in the "biological class" column of the Table. Members of these additional 
classifications have also been characterized as being associated with specific disorders. 

In addition to disorders associated with discrete biological classes, many of the 
peptides of SEQ ID NOs: 1-235 were derived from transformed cells and thus may be 
involved in cellular proliferative anchor differentiative disorders, e.g., cancer. The 

20 Examples and associated table describe in detail the specific transformed cell lines with 
which the individual peptides of the application have been found to be associated. 
Because these peptides have been found to be translated in transformed cells, they are 
expected to be useful in therapeutic, diagnostic, and screening applications as described 
herein. For example, in one embodiment, a compound that modulates (increases or 

25 decreases) the expression or activity of a polypeptide containing any of SEQ ID NOs: 1- 
235 can be used to treat or prevent a cellular proliferative and/or differentiative disorder, 
e.g., a B cell cancer such as myelmoa, colon cancer, gastric cancer, adenocarcinoma, 
sarcoma, melanoma, lymphoma, or leukemia. 

In one embodiment, a polypeptide containing any of SEQ ID NOs: 1-235 (or a 

30 nucleic acid encoding such a polypeptide) can be administered to a subject to treat a 
disorder. For example, a disorder characterized by insufficient levels of a given 
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polypeptide, e.g., a phosphatase or an ion channel, can be treated by such a method. In 
one example, a secreted protein described herein, e.g., a cytokine, is administered to a 
subject to treat a disorder. 

In one embodiment, antagonists or inhibitors of a polypeptide containing any of 

5 SEQ ID NOs: 1-235 may be administered to a subject to treat or prevent a disorder. In 
one aspect, antibodies specific for a polypeptide containing any of SEQ ID NOs: 1-235 
may be used directly as an antagonist, or indirectly as a targeting or delivery mechanism 
for bringing a pharmaceutical agent to cells or tissue that expresses the polypeptide. 

The invention features a method for treating cancer comprising administering to a 

10 patient in need of such treatment an amount of a composition comprising a polypeptide as 
described herein in an amount sufficient to elicit an immunogenic response. Also, the 
invention features a method for treating a cancer patient, the method comprising 
administering to the patient an antibody that selectively binds to a peptide as described 
herein. 

15 In other embodiments, therapeutic proteins, antagonists, antibodies, agonists, 

antisense sequences or vectors may be administered in combination with other 
appropriate therapeutic agents. Selection of the appropriate agents for use in combination 
therapy may be made by one of ordinary skill in the art, according to conventional 
pharmaceutical principles. The combination of therapeutic agents may act synergistically 

20 to effect the treatment or prevention of the various disorders described above. Using this 
approach, one may be able to achieve therapeutic efficacy with lower dosages of each 
agent, thus reducing the potential for adverse side effects. 

Antagonists or inhibitors of the polypeptides may be produced using methods 
which are generally known in the art. In particular, purified polypeptides may be used to 

25 produce antibodies or to screen libraries of pharmaceutical agents to identify those which 
specifically bind the polypeptide. Cells expressing a nucleic acid of the invention can be 
screened against the same libraries to find agents that bind and/or affect the activity of the 
encoded polypeptide. 

An additional embodiment of the invention relates to the administration of a 

30 pharmaceutical composition, in conjunction with a pharmaceutically acceptable carrier, 
for any of the therapeutic effects discussed above. Such pharmaceutical compositions 
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may consist of a polypeptide containing any of SEQ ID NOs: 1-235, antibodies to the 
polypeptide, mimetics, agonists, antagonists, or inhibitors of the polypeptide. In addition 
to the active ingredients, these pharmaceutical compositions may contain suitable 
phannaceutically-acceptable carriers comprising excipients and auxiliaries which 

5 facilitate processing of the active compounds into preparations which can be used 

pharmaceutically. Further details on techniques for formulation and administration may 
be found in the latest edition of Remington's Pharmaceutical Sciences (Maack Publishing 
Co., Easton, Pa.). The compositions may be administered alone or in combination with at 
least one other agent, such as a stabilizing compound, which may be administered in any 

10 sterile, biocompatible pharmaceutical carrier, including, but not limited to, saline, 

buffered saline, dextrose solution, and water. The compositions maybe administered to a 
patient alone, or in combination with other agents, drugs or hormones. 

Diagnostics 

15 In another embodiment, compounds (e.g., antibodies) that specifically bind to a 

polypeptide containing any of SEQ ID NOs: 1-235 may be used for the diagnosis of 
conditions or diseases characterized by expression of the polypeptide, or in assays to 
monitor patients being treated with the polypeptide, agonists, antagonists or inhibitors. 
Antibodies useful for diagnostic purposes may be prepared in the same manner as those 

20 prepared for therapeutic purposes. Diagnostic assays for a polypeptide containing any of 
SEQ ID NOs: 1-235 include methods that utilize the antibody and a label to detect the 
polypeptide in human body fluids or extracts of cells or tissues. The antibodies may be 
used with or without modification, and may be labeled by joining them, either covalently 
or non-covalently, with a reporter molecule. A wide variety of reporter molecules that are 

25 • known in the art may be used, several of which are described above. 

In another embodiment of the invention, a polynucleotide, e.g., a polynucleotide 
encoding a polypeptide containing any of SEQ ID NOs: 1-235, may be used for diagnostic 
purposes. The polynucleotides that may be used include oligonucleotides, antisense 
RNA and DNA molecules, and PNAs. The polynucleotides may be used to detect and 

30 quantitate gene expression in biopsied tissues in which expression of a polypeptide 
described herein may be correlated with disease. The diagnostic assay may be used to 
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distinguish between the absence, presence, and excess expression of an mRNA encoding 
a polypeptide containing any of SEQ ID NOs:l-235, and to monitor regulation of mRNA 
levels during therapeutic intervention. 

A polynucleotide encoding a polypeptide containing any of SEQ ID NOs: 1-235 
5 may be used for the diagnosis of conditions or diseases that are associated with 

expression of the polypeptide. Examples of such conditions or diseases include cancers 
such as cancer of the testis, colon, prostate, uterus, cervix, ovary, lung, intestine, liver, 
breast, skin, heart, brain, stomach, pancreas, and spleen. The polynucleotide encoding 
the polypeptide may be used in Southern or northern analysis, dot blot, or other 

10 membrane-based technologies; in PCR technologies; or in dip stick, pin, ELISA or chip 
assays utilizing fluids or tissues from patient biopsies to detect altered mRNA expression. 
Such qualitative or quantitative methods are well known in the art. 

As the peptides described herein were found to be translated in transformed cells, 
these peptides can thus function as markers for a transformed cell, e.g., a cancer cell. As 

15 such, detection of polypeptides containing these peptides (or nucleic acids encoding the 
same) are particularly useful in the diagnosis of cellular proliferative and/or 
differentiative disorders such as cancer. 

Screening Assays 

20 The invention provides methods for identifying modulators, i.e., candidate or test 

compounds or agents (e.g., proteins, peptides, peptidomimetics, peptoids, small 
molecules or other drugs) which bind to a polypeptide containing any of SEQ ID NOs:l- 
235, have a stimulatory or inhibitory effect on, for example, expression or activity of the 
polypeptide, or have a stimulatory or inhibitory effect on, for example, the expression or 

25 activity of a substrate of the polypeptide. Compounds thus identified can be used to 
modulate the activity of target gene products in a therapeutic protocol, to elaborate the 
biological function of the target gene product, or to identify compounds that disrupt 
normal target gene interactions. 

The compounds that may be screened in accordance with the invention include, 

30 but are not limited to peptides, antibodies and fragments thereof, and other organic 
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compounds that bind to a polypeptide containing any of SEQ ID NOs:l-235 and increase 
or decrease an activity of the polypeptide. 

Such compounds may include, but are not limited to, peptides such as soluble 
peptides, including but not limited to members of random peptide libraries (Lam et al., 
5 Nature 354:82 [1991]; Houghten et al., Nature 354:84 [1991]) and combinatorial 
chemistry-derived molecular libraries made of D- and/or L configuration amino acids; 
phosphopeptides (including but not limited to members of random or partially 
degenerate, directed phosphopeptide libraries; Songyang et al., Cell 72:767 [1993]); 
antibodies (including but not limited to polyclonal, monoclonal, humanized, anti- 
10 idiotypic, chimeric and single chain antibodies; FAb, F(ab02 and FAb expression library 
fragments; and epitope-binding fragments thereof); and small organic or inorganic 
molecules. 

Other compounds that can be screened in accordance with the invention include 
but are not limited to small organic molecules that are able to gain entry into an 

15 appropriate cell and affect (1) the expression of the gene encoding a polypeptide 
containing any of SEQ ID NOs: 1-235 or (2) the activity of the polypeptide. 

As used herein "small molecules" include, but are not limited to, peptides, 
peptidomimetics (e.g., peptoids), amino acids, amino acid analogs, polynucleotides, 
polynucleotide analogs, nucleotides, nucleotide analogs, organic or inorganic compounds 

20 (i.e.,. including heteroorganic and organometallic compounds) having a molecular weight 
less than about 10,000 grams per mole, organic or inorganic compounds having a 
molecular weight less than about 5,000 grams per mole, organic or inorganic compounds 
having a molecular weight less than about 1,000 grams per mole, organic or inorganic 
compounds having a molecular weight less than about 500 grams per mole, and salts, 

25 esters, and other pharmaceutically acceptable forms of such compounds. 

Computer modeling and searching technologies permit identification of 
compounds, or the improvement of already identified compounds, that can modulate 
expression or activity of a polypeptide containing any of SEQ ID NOs: 1-235. Having 
identified such a compound or composition, the active sites or regions are identified. 

30 Such active sites might typically be a binding for a natural modulator of activity. The 
active site can be identified using methods known in the art including, for example, from 
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the amino acid sequences of peptides, from the nucleotide sequences of nucleic acids, or 
from study of complexes of the relevant compound or composition with its natural ligand. 
In the latter case, chemical or X-ray crystallographic methods can be used to find the 
active site by finding where on the factor the modulator (or ligand) is found. 
5 Although described above with reference to design and generation of compounds 

that could alter binding, one could also screen libraries of known compounds, including 
natural products or synthetic chemicals, and biologically active materials, including 
proteins, for compounds which bind to a polypeptide containing any of SEQ ID 
NOs:l-235. 

10 In vitro systems may be designed to identify compounds capable of interacting 

with a polypeptide containing any of SEQ ID NOs: 1-235. Compounds identified may be 
useful, for example, in the treatment of conditions such cellular proliferative and 
differentiative disorders, e.g., cancer. 

The principle of the assays used to identify compounds that bind to a polypeptide 

15 containing any of SEQ ID NOs: 1-235 involves preparing a reaction mixture of the 

polypeptide (or a domain thereof) and the test compound under conditions and for a time 
sufficient to allow the two components to interact and bind, thus forming a complex 
which can be removed and/or detected in the reaction mixture. The polypeptide species 
used can vary depending upon the goal of the screening assay. In some situations it is 

20 preferable to employ a peptide corresponding to a domain of the polypeptide fused to a 
heterologous protein or polypeptide that affords advantages in the assay system (e.g., 
labeling, isolation of the resulting complex, etc.) can be utilized. 

The screening assays can be conducted in a variety of ways. For example, one 
method to conduct such an assay involves anchoring a peptide (or polypeptide or fusion 

25 protein) or the test substance onto a solid phase and detecting peptide/test compound 
complexes anchored on the solid phase at the end of the reaction. In one embodiment of 
such a method, the peptide reactant may be anchored onto a solid surface, and the test 
compound, which is not anchored, may be labeled, either directly or indirectly. The 
invention features a peptide array comprising at least 100 peptides selected from the 

30 group consisting of peptides as described herein, each peptide linked to a solid support at 
a known location. Additionally, the invention features a collection of at least 10 
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invention, the compound can then be tested for its ability to, e.g., bind to and/or induce 
the selective killing of transformed cells. 

Use of Peptides and Nucleic Acids Encoding Peptides to Inhibit an Immune Response 

5 The MHC-binding peptides of SEQ ID NOs: 1-235 and the nucleic acids encoding 

them can be used to block MHC class I and class II-mediated antigen presentation to T 
cells and thereby inhibit an immune response. Inhibiting an immune response can be 
particularly useful in conditions such as autoimmune disorders. Methods of using 
blocking peptides" to prevent MHC-mediated presentation of antigens to T cells are 

10 described in U.S. Patent No. 5,827,516. For a polypeptide, e.g., a fusion protein, 

containing an MHC-binding peptide sequence of any of SEQ ID NOs: 1-235, introduction 
of the polypeptide (or a nucleic acid encoding the polypeptide) to a cell is expected to 
result in the processing and presentation of the peptide sequence in the context of an 
MHC class I or class II molecule. 

15 Peptides described herein may be also useful for inhibiting an immune response 

when complexed with an MHC molecule, e.g., an HLA molecule, and administered to a 
host, e.g., a human. The use of HLA/peptide complexes to induce T cell 
nonresponsiveness has been described for the treatment of autoimmune conditions (see, 
e.g., Nag et al., 1996, Cell. Immunol. 170:25; Arimilli et al., 1996, Immunol. Cell. Biol. 

20 74:96; Prokaeva, 2000, Curr. Opin. Investig. Drugs 1:70). In addition, antibodies 
directed against HLA/peptide complexes may be useful in treating disease and/or 
blocking T cell activation. 

Use of Peptides and Nucleic Acids Encoding Peptides as References for MHC Class I 

25 and Class II Bindine 

Some of the peptides of SEQ ID NOs: 1-235 have been characterized as binding to 
MHC class I or class II molecules (see Example section). These peptides, polypeptides 
containing them and nucleic acids encoding the same are therefore useful as references in 
evaluating the ability of a test peptide to bind to an MHC molecule. For example, a 

30 peptide described herein (a "reference peptide") can be used in a competitive assay 

wherein a test peptide is evaluated for its ability to compete with the reference peptide for 
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binding to an MHC molecule. The reference peptide can optionally be labeled, e.g., with 
a radioactive label, and displacement of bound label in the presence of a test peptide can 
be measured. Alternatively, the test peptide can be labeled. Competitive peptide binding 
assays using a reference peptide are described in, e.g., U.S. Patent 6,037,135. 

5 

Delivery Systems . 

The purified polypeptides, or complexes containing them (such as heat shock 
protein or MHC complexes), or isolated nucleic acids, can be administered using standard 
methods, e.g., those described in Donnelly et al. (1994) J. Imm. Methods 176:145, and 

10 Vitiello et al. (1995) J. Clin. Invest. 95:341. Purified polypeptides and/or isolated nucleic 
acids of the invention can be injected into subjects in any manner known in the art, e.g., 
intramuscularly, intravenously, intraarterially, intradermal! y, intraperitoneal^, 
intravaginally, or subcutaneously, or they can be introduced into the gastrointestinal tract 
or the respiratory tract, e.g., by inhalation of a solution or powder containing the 

15 polypeptides or nucleic acids. Alternatively, the purified polypeptides or isolated nucleic 
acids of the invention may be applied to the skin, or electroporated into the cells or tissue. 
Purified polypeptides or isolated nucleic acids of the invention may be electroporated 
with the delivery systems (e.g. microparticles, hydrogels and polymer networks) 
described herein. 

20 The purified polypeptides and isolated nucleic acids encoding polypeptides can be 

delivered in a pharmaceutical^ acceptable carrier such as saline, lipids, depot systems, 
hydrogels, networks, liposomes, particulates, virus-like particles, microspheres, or 
nanospheres; as colloidal suspensions; or as powders. The nucleic acid can be naked or 
associated or complexed with a delivery vehicle. For a description of the use of naked 

25 DNA, see, e.g., U.S. Patent No. 5,693,622. For a description of the use of encapsulated 
DNA see, e.g., U.S. Patent No. 5,783,567. For a description of the use of hydrogel and 
network delivery systems for DNA delivery see, e.g., USSN 60/262,219. Nucleic acids 
and polypeptides can be delivered using delivery vehicles known in the art, such as lipids, 
liposomes, ISCOMS, microspheres, microcapsules, microparticles, gold particles, virus- 

30 like particles, nanoparticles, hydrogels or networks, polymers, condensing agents, 

polysaccharides, polyamino acids, dendrimers, saponins, adsorption enhancing materials, 
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or fatty acids. Viral particles can also be used, e.g., retroviruses, adenovirus, baculovirus, 
adeno-associated virus, pox viruses, SV40 virus, alpha virus or herpes viruses. 

It is expected that a dosage of approximately 0.1 to 100 iimoles of the 
polypeptide, or of about 1 to 200 ]ig of DNA, would be administered per kg of body 

5 weight per dose. As is well known in the medical arts, dosage for any given patient 
depends upon many factors, including the patient's size, body surface area, age, the 
particular compound to be administered, sex, time and route of administration, general 
health, and other drugs being administered concurrently. Determination of optimal 
dosage is well within the abilities of a pharmacologist of ordinary skill. 

10 Other standard delivery methods, e.g., biolistic transfer, or ex vivo treatment, can 

also be used. In ex vivo treatment, cells, e.g., antigen presenting cells (APCs), dendritic 
cells, peripheral blood mononuclear cells, or bone marrow cells, can be obtained from a 
patient or an appropriate donor and treated ex vivo with a composition of the invention, 
and then returned to the patient. ^ 

15 Microparticles, including those described in U. S. Patent No. 5,783,567 and 

USSN 60/208,830, can be used as vehicles for delivering macromolecules such as DNA, 
RNA, or polypeptides into cells. Microparticles may also be made, for example, 
according to the methods of Mathiowitz, et al. as described in WO 95/24929, herein 
incorporated by reference. The microparticles can contain macromolecules embedded in 

20 a polymeric matrix or enclosed in a shell of polymer. Microparticles act to maintain the 
integrity of the macromolecule, e.g., by maintaining the DNA in a nondegraded state. 
Microparticles can also be used for pulsed delivery of the macromolecule, and for 
delivery at a specific site or to a specific cell or target cell population. 

The polymeric matrix can be a synthetic or natural biodegradable co-polymer 

25 such as poly-lactic-co-glycolic acid, starch, gelatin, or chitin. Microparticles that are less 
than 10 nM in diameter can be used in particular to maximize delivery of DNA 
molecules into a subject's phagocytotic cells. Alternatively, microparticles that are 
greater than 10 \M in diameter can be injected or implanted in a tissue, where they form 
a deposit. As the deposit breaks down, the nucleic acid or polypeptide is released 

30 gradually over time and taken up by neighboring cells. 
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The purified polypeptides and isolated nucleic acids of the invention can be 
administered by using Immune Stimulating Complexes (ISCOMS), which are negatively 
charged, cage-like structures of 30-40nm in size formed spontaneously on mixing 
cholesterol and Quil A (saponin), or saponin alone. A polypeptide (or analog) and 
5 nucleic acid of the invention can be co-administered with an ISCOM, or the polypeptide 
(or analog) and nucleic acid can be administered separately. The polypeptides and 
nucleic acids of the invention may also be electroporated into cells or tissues of a 
recipient. Electroporation may occur ex vivo or in vivo. 

10 Peptide Profiles and Databases 

U.S. Patent Application 09/372,380, the content of which is herein incorporated 
by reference, provides compositions and methods for the characterization of a cell's 
protein repertoire and the storage and manipulation of that information in a computer 
database. A characteristic profile or fingerprint of peptides or polypeptide ligands can be 

15 generated, for example, for a given cell type, for diseased vs. normal cells, and for 
different metabolic or developmental states of a cell. Appropriate comparisons of the 
profiles can be used to identify cellular targets useful in diagnostics, drug screening and 
development, and delivering therapeutic regimens. The EPTs described herein, the 
MHC-binding peptides of SEQ ID NOs: 1-235, represent a population of polypeptide 

20 ligands that can be used in the methods, ligand profiles, and databases described in USSN 
09/372,380. In addition to EPTs, all of the peptides described herein can be used to 
catalogue and profile the protein composition of a cell. The following are several non- 
limiting examples of uses of the peptides for identifying, cataloguing and profiling the 
protein composition of a cell. 

25 Peptides and proteins from which they are derived can be used to identify, 

catalogue and characterize most or all proteins expressed within a cell for any given cell 
type, metabolic or developmental stage, and disease vs. normal state, or in response to a 
test substance such as a given hormone, growth factor, transcription factor, cytokine, 
small molecule, polypeptide, nucleic acid, carbohydrate or lipid. The approach can also 

30 identify differences between transgenic vs. non-transgenic cells, or transfected vs. non- 
transfected cells. As such, the invention relates to the identification of "polypeptide or 
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peptide profiles" of a cell type of interest. These profiles can be used to pre-sort cellular 
proteins for "proteomics" analysis, greatly reducing the screening effort and increasing 
the efficiency of identifying cellular proteins involved in developmental and metabolic 
disease processes. Appropriate comparisons of the profiles can be used to identify 

5 cellular targets useful in diagnostics, drug screening and development, and for developing 
therapeutic regimens. Such data will facilitate the identification of proteins that have 
biological significance to a particular cellular state, e.g., in metabolism, maturation, 
development, disease or treatment. 

Peptide esterification methods such as those described in U.S. Provisional 

10 Application No. 60/284,416, filed April 16, 2001, the content of which is herein 

incorporated by reference, can be used to determine relative protein quantities in different 
cells or tissues. 

Peptides of the invention can be used for comparative purposes. A distinct 
peptide profile, e.g., an EPT profile, can be generated for each cell of interest. The 

15 profiles of different cells, tissue or organ types of interest may be compared, and 

polypeptides may be identified that are differentially represented, e.g., present in one type 
of cell/tissue/organ, but absent from another, or expressed with different abundance. 
Furthermore, "differential profiles" of polypeptides may be generated representing 
peptides that are differentially present in the two types of cells. 

20 Peptides described herein can be used to verify or confirm the distinct profile of a 

cell of interest. In this use, polypeptides from cells that are essentially identical are 
isolated and compared. Comparison of the peptide profiles confirms that they are 
essentially identical, and together represent a reproducible ligand profile for the given 
cell type. For example, information can be obtained if the peptide profile or set of 

25 profiles that represents polypeptides derived from two or more types of MHC molecules 
in the given cell type are compared. For example, a subtraction profile of polypeptides is 
generated from comparing polypeptides isolated from two or more types of MHC 
molecules. 

A first cell sample and a second cell sample of interest may be obtained from 
30 different types of biological tissue (e.g., comparing smooth muscle tissue to skeletal 
muscle tissue), different cell types (e.g., endothelial cells and epithelial cells), different 
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organ systems (e.g., pancreas and lung), or the same organ system but cells of different 
status (e.g., terminally differentiated vs. embryonic, or healthy vs. diseased or 
predisposed to a disease). Alternatively, one can compare transfected cells which express 
a particular recombinant nucleic acid versus non-transfected cells or transfected cells 
5 which do not currently express the recombinant nucleic acid. One could also compare 
cells treated in a particular way (either in vivo or in vitro) vs. cells treated in a different 
way, or untreated 

For example, a treatment may involve administration of a test substance or drug 
candidate such as a growth factor, a hormone, a cytokine, a small molecule, a 

10 polypeptide, a nucleic acid, a carbohydrate, or a lipid. Alternatively, a treatment may 
involve exposing the cells to stress conditions such as trauma, hypoxia, deprivation of 
glucose, deprivation of an amino acid, deprivation of a nutrient, presence of a toxin, or 
low or high temperature. The cells are preferably vertebrate cells (e.g., from a bird or 
fish), and more preferably mammalian cells, e.g., from a human or from a non-human 

15 animal such as a non-human primate, a mouse, rat, guinea pig, hamster, rabbit, dog, cat, 
cow, horse, pig, sheep, or goat. By using a third cell sample, one could compare three 
different cell samples, or compare the first sample to the second and to the third. For 
example, the second cell sample could be a positive control and the third cell sample a 
negative control, or the three cell samples could represent three different treatment 

20 regimens. 

In a variation on the above, one can simply compare the proteins expressed in a first 
cell sample to those expressed in a reference cell sample, by generating a peptide profile, 
e.g., an EPT profile, that is compared to an appropriate reference peptide profile. One 
compares first peptide profile to the reference peptide profile, in order to identify 

25 differences or similarities between the first cell sample and the reference cell sample. This 
and the other comparison methods described above can be used to compare, for example, 
cells cultured in the presence of a test compound to cells not cultured in the presence of the 
test compound; or cells from an animal treated with a test compound to cells (1) from the 
same animal before the treatment, or (2) from a second animal not treated. 

30 Differential peptide profiles can be generated for cells of interest where one 

peptide profile consists of a subset of polypeptides that is differentially present in two (or 
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more) distinct cell types, disease stages, developmental stages, metabolic stages, cell 
cycle stages, treatment regimens, etc., of interest. As such, the differential profiles 
represent a repertoire of peptides that may directly or indirectly be involved in the 
different cellular phenotypes or behavior. Consequently, the differential profiles provide 

5 a valuable tool for the characterization of cell-type and/or phenotype-specific protein 
expression, and for the identification and/or the isolation of known or novel gene 
products and their respective coding sequences that are potentially involved in biological 
processes, such as developmental processes, establishment and progression of disease, 
predisposition to disease, organ development, signal transduction, differentiation, 

10 neurogenesis, etc., or in response to environmental factors or treatments. For example, 
the polypeptides identified as differentially' expressed may be further characterized by 
determination of their chemical structure: i.e., sequence. Thus, the present invention 
provides for the characterization of differential expression, e.g., the presence or absence, of 
gene products encoded by known genes and/or ESTs with unknown function. The present 

15 invention thus can be used as an easy and efficient way to assign to previously identified 
genes or gene products a putative function and/or involvement or association with a 
particular developmental pathway, metabolic pathway, or disease stage. With this 
information, new targets for the development of gene therapy approaches and drug 
development may rapidly be identified. 

20 Peptide profiles for a given cell, tissue or organ of interest can be generated and 

stored in a database. The compilation of data can then be used for a number of applications. 
First, they are used as a reference point for a human patient's or animal's sample for the 
diagnosis of disease, progression of disease, and predisposition for disease. For example, if 
a disease is associated with changes in protein composition in certain cells, organ systems, 

25 cell sources, or tissue types, a suitable patient sample may be used to generate a protein 
profile, and compared with profiles of corresponding samples of normal (non-diseased) 
and/or diseased origin to assess presence or absence of, progression of, and/or predisposition 
to the particular disease in question. A large number of diseases may be diagnosed this way, 
including diseases for which particular aberrations in protein expression are known, 

30 including, but not limited to metabolic diseases that are associated with lack of certain 
enzymes, proliferative diseases that are associated with aberrant expression of, e.g., 

54 



WO 02/078524 



PCT/US02/09671 



oncogenes or tumor suppressors, developmental diseases that are associated with aberrant 
gene expression, etc. Furthermore, the peptide profiles can be used for the diagnosis of 
diseases or other aberrations based on pre-determined differences in HPT profiles. Thus, if 
it is pie-determined that a given disease of interest is associated with certain changes of the 

5 peptide profile of a particular type of cell, tissue, cell source, or organ system, a human 
patient or animal may be diagnosed based simply on its individual profile when compared to 
the profiles provided by a database. 

Second, peptide information can be used to detect protein translation cell, cell 
sample, or tissue sample. Such techniques can complement the detection of mRNA and be 

10 used to detect specific protein translation (particularly in diseased tissues). 

Third, the information stored in a database may be used to identify genes and their 
products that are involved in the manifestation of, progression of, or predisposition to any 
disease of interest, and with the development of symptoms of a particular disease. For 
example, peptide profiles of a diseased organ, tissue or cell type may be generated and 

15 compared with the corresponding profile counterpart obtained from a non-diseased 
sample. Differences in the profile may be identified, and individual peptides that are 
differentially present in the diseased vs. the non-diseased sample may be identified and 
isolated for further analysis. The identified differences in the peptide profiles are useful 
for future diagnosis of the disease or aberration. 

20 

Generating Peptide Profiles for Different Developmental, Metabolic or Disease Stages of 
a Given Type of Cell 

Peptide profiles for cells of different developmental, metabolic or disease stages 
can be generated and compared to identify differences in protein or gene expression. For 

25 example, the profiles of a cancer cell and non-cancerous cell derived from the same 
genetically matched tissue may be generated and compared. Proteins differentially 
expressed in diseased and non-diseased cells can conveniently be identified, and their 
involvement in disease development and progression analyzed by methods well known in 
the art. In this way, new targets for the treatment of the disease are efficiently identified. 

30 Alternatively, peptide profiles of cells of different developmental stages can be 

generated and compared. For example, profiles of embryonic cells and adult cells derived 
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from genetically matched tissue may be generated and compared to identify genes and their 
products that play a role in developmental processes, and that may be useful for the 
development of, e.g., novel gene therapy or other therapeutic approaches for the treatment of 
developmental disorders. 

5 In another example, peptide profiles of (a) cells infected with a selected pathogen, 

e.g., microorganism, virus, retrovirus, or prion, and (b) corresponding non-infected cells are 
generated and compared to identify genes and gene products that are toned on or off in 
response to the infection. Alternatively, instead of being infected, the first cell can be made 
to take up a foreign protein or immunogenic substance, etc. This approach allows one, e.g., 

10 to identify factors produced by the cells in response to infection or introduction of the 
foreign substance that could be useful for therapeutic purposes. 

In another example, peptide profiles from cells derived from individuals having a 
selected genetic disorder and individuals that do not have such disorder are generated and 
compared. Preferably, samples from affected and non-affected family members are used 

15 for the generation of the profiles. Depending on the particular genetic disorder chosen, 
cell or tissue types that are known to be affected by the particular genetic disorder are 
studied. In many cases, profiles of various cell and/or tissue types will be generated and 
compared. This example allows one to identify genes and proteins associated with a 
genetic disorder. The information obtained may be useful for the development of gene 

20 therapy and other therapeutic approaches and for the development of targeted drugs that 
interfere with the expression of genes or activity or stability of gene products that are 
involved in the symptoms of the genetic disease. Furthermore, this example allows 
selection of diagnostic targets for the identification of individuals predisposed for certain 
types of disease or disease symptoms. 

25 

Generation of Peptide Profiles Correlated to Response of a Given Cell Type to External 
Factors 

In one example, a peptide profile of a given cell type treated with an external 
factor is generated and compared to a profile of cells of the same type which have not 
30 been so treated, to identify differences in protein expression. The cells can be 
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recombinant or native, a cell line or non-transformed cells, or isolated directly from an 
animal before and after treatment of the animal with the compound. 

For example, peptide profiles of cells of a selected origin or nature that have been 
contacted with a growth factor, cytokine or hormone, and cells that have not been 
5 contacted with the substance, but otherwise treated the same way, are generated and 
compared. This allows identification of genes and gene products that are turned on or 
turned off in response to the growth factor, cytokine or hormone, which will give, e.g., 
valuable insight in cellular signal transduction pathways and regulation of protein 
expression. 

10 Similarly, peptide profiles of cells that have been treated with or exposed to a 

polypeptide, small molecule, chemokine, or nucleic acid drug or drug candidate, and cells 
that have not been treated with or exposed to the substance, but have otherwise been 
.. treated the same way, are generated and compared. This allows one to identify the 
effects of the selected substance on protein expression in the cell, and is, for example, an 

15 excellent tool for the validation of particular drugs or the identification of drugs 
associated with expression of a selected gene or gene product. 

In another example, peptide profiles of cells that have been exposed to a selected 
type of compound, e.g., a selected carbohydrate or group of carbohydrates, lipid or group of 
lipids, amino acid or group of amino acids, nucleotide or nucleoside or group of either, or 

20 vitamin or group of vitamins, and cells that have not been treated with the compound, but 
have otherwise been treated the same way, are generated and compared. This allows one to 
identify the effects of the selected compound on the gene and protein expression of the cell, 
and will give valuable insight into metabolic processes. 

In another example, peptide profiles of cells that have been treated with a selected 

25 nucleic acid, e.g., a selected antisense oligonucleotide, a ribozyme, an expression vector, a 
plasmid, an RNA, or a DNA, and cells that have not been treated with the nucleic acid, but 
have otherwise been treated the same way, are generated and compared. This allows one to 
identify the effects of the antisense oligonucleotide or other nucleic acid on the protein 
expression in the cell, and as such allows one to evaluate the efficacy or effect of the 

30 antisense oligonucleotide or nucleic acid. Antisense molecules and ribozymes of the 
invention may be prepared by any method known in the art for the synthesis of nucleic 

57 



WO 02/078524 



PCT/US02/09671 



acid molecules. These include techniques for chemically synthesizing oligonucleotides 
such as solid phase phosphoramidite chemical synthesis. Alternatively, RNA molecules 
may be generated by in vitro and in vivo transcription of DNA sequences encoding 
polypeptides. Such DNA sequences may be incorporated into a wide variety of vectors 

5 with suitable RNA polymerase promoters such as T7 or SP6. Alternatively, these cDNA 
constructs that synthesize antisense RNA constitutively or inducibly can be introduced 
into cell lines, cells, or tissues. 

Finally, peptide profiles of cells that have been subject to a selected stress 
condition, such as low or high temperature, hypoxia, oxidative stress, free radical- 

10 induced stress, deprivation of nutrients such as glucose, amino acids, or other essential 
factors, or presence of a toxin, are generated and compared to a peptide profile generated 
in untreated controls. Differentially expressed gene products are identified in order to 
give valuable insight into factors involved in cellular stress responses. This example 
provides an extremely valuable and efficient way to determine and/or evaluate the effect 

15 of a selected compound on protein expression in the cell. The technique may furthermore 
be useful to verify a desired shut-down of certain enzymatic activities, e.g., by 
distinguishing between phosphorylated and non-phosphorylated, or glycosylated and 
non-glycosylated, peptides and/or proteins. It can also be used to aid in pharmacological 
and/or toxicological assessment of potential new drugs, and in screening for such drugs. 

20 

Generatin g Peptide Profiles for Different Organ Systems 

Peptide profiles of cells derived from different organs or organ systems may be 

generated and compared to identify differences in protein or gene expression. For 

example, EPT profiles of cells derived from lung, liver, heart, spleen, skin, brain, kidney, 
25 thymus, intestine, and/or colon can be generated and compared. Differentially expressed 

genes and proteins are thus identified. This example is useful to identify proteins that are 

involved in an organ's particular physiological function. 

In another example, peptide profiles of selected tissue or cell types, e.g., muscle, 

endothelium, epithelium, neuronal, fat, ovarian, testicular, blood, bone marrow, and/or 
30 mammary tissue, etc., are generated, compared, and differentially expressed proteins 
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identified. This will give valuable insight into a protein's involvement in a tissue or cell 
type's physiological function. 

Generating Peptide Profiles for Expression Studies in Standard Cell Lines 
5 Peptide profiles of cells derived from differentially engineered standard cell lines 

can be generated and compared to identify differences in protein expression. For 
example, peptide profiles of standard cell lines that have been engineered to 
express/overexpress one or several selected recombinant genes, e.g., genes encoding a 
selected growth factor receptor or other signal transduction component, transcription factor, 

10 oncogene, apoptosis-inducing gene, etc., are generated and compared to peptide profiles 
prepared from a reference cell line of the same origin, but which does not carry and express 
the selected recombinant gene. Differentially expressed genes and gene products are 
identified This will allow one to identify the impact of the overexpressed gene on the 
expression of other polypeptides in the cell. 

15 The following examples are not to be construed as limiting the scope of the 

invention in any way. 

EXAMPLES 

20 Example 1: Isolation and Characterization of MHC Binding Peptides (EPTs) 

This example describes peptides identified by the immunoaffinity purification of 
class I and class II HLA molecules, followed by acid extraction and solid phase 
extraction of the EPT repertoire, reversed-phase HPLC separation, and mass 
spectrometry analysis. Methods used to derive the peptide sequences disclosed in this 

25 example are described in detail in U.S. Patent Application 09/372,380, filed 

August 11, 1999, the content of which is herein incorporated by reference. The various 
HLA molecules from which peptides were extracted are detailed in Table 1. 

Table 1 describes each of the peptides according to five criteria, as follows: (1) 
SEQ ID NO; (2) a numeric code corresponding to cell line and HLA type; (3) SEQ ID 

30 NOs of source protein reference(s); (4) source protein symbol; and (5) a function key 
corresponding to biological classification(s). 
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The SEQ ID NO for each peptide in Table 1 is Criteria 1. The other criteria 
follow to the right of the peptide sequence and are separated by a vertical hatch divider. 
Each new peptide entry begins on the next consecutive line having the next consecutive 
SEQ ID NO. 

5 Criteria 2 of Table 1 identifies a peptide according to the cell type and HLA type 

from which it was derived. A numeric code has been assigned to each combination of 
cell type and HLA type. The numeric code is as follows: 



NUMBER 


CEIXJLJNEf 


HLA^tYPE,. 


1 


721.221 


All 


2 


721.221 


Al 


3 


721.221 


A24 


4 


721.221 


A3 


5 


721.221 


DR1 


6 


721.221 


PAN-DR 


7 


TM9 


A2 


8 


IM9 


N/A 


9 


JY 


A2 


10 


JY 


B7C7 


11 


JY 


DR4_13 


12 


JY 


DR4 


13 


KATOm 


A2 


14 


KATOffl 


CLASS 1 


15 


KATOJH 


N/A 


16 


KATOm 


PAN-DR 


17 


LS174T 


A2 


18 


LS180 


A2 


19 


LS180 


CLASS 1 


20 


LS180 


PAN-CLASS 2 


21 


N/A 


All 


22 


NORMAL PBMC 


A2 


23 


NORMAL PBMC 


CLASS 1 


24 


PRESS 


A2 


25 


PRIESS 


DR4 


26 


PRESS 


PAN-DR 


27 


SW403 


A2 


28 


SW480 


A2 


29 


U266 


A2 
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IM-9 is an EB V-transformed B lymphoblastoid cell line derived from the 
peripheral blood of a patient with multiple myeloma. This cell line is described in, e.g., 
Fahey et al. (1971) Ann. N.Y. Acad. Sci. 190: 221-234. 

U266 is a B lymphocyte cell line established from tissue obtained from a patient 
5 with myeloma. This cell line is described in, e.g., Nilssonet al. (1970) Clin. Exp. 
Immunol. 7:477-489. 

LS180 is a human colorectal adenocarcinoma cell line. The cell line is 
tumorigenic in nude mice. This cell line is described in, e.g., Tom et al. (1976) In Vitro 
12:180-191. LS174Tis atrypsinized variant of LSI 80. 
10 SW403 and SW480 are human colorectal adenocarcinoma cell lines. The cell 

lines are tumorigenic in nude mice. The cell lines are described in, e.g., Fogh et al. 
(1977) J. Natl. Cancer Inst. 59:221-226. 

KATO HI is a human gastric cancer cell line. The cell line is described in, e.g., 
Yamamoto et al. (1996) Cancer 77:1628-33. 
15 JY is a human lymphoblastoid cell line. The cell line is described in, e.g., J. Biol. 

Chem. (1979) 254:8709, J. Biol. Chem. (1975) 250:4512, and Proc Natl Acad Sci USA 
(1979)76:2273. 

721.221 is a human lymphoblastoid cell line that has been mutagenized to 
eliminate the expression of HLA-A, -B, and -C alpha chains. The cell line is described 

20 in, e.g., Shimizu et al. (1988) Proc. Natl. Acad. Sci USA 5:227-231. The 721.221 cell 
lines described herein were transfected with a nucleic acid encoding an individual MHC 
molecule, e.g., HLA-A 1, -A2, -A3, or -All. 

Priess is a human B-lymphoblastoid cell line. The cell line is described in, e.g., 
Hanania et al. (1983) EMBO J 2:1621-1624. 

25 The SEQ ID NOs of the source protein reference(s) for a given peptide are 

described as Criteria 3 of Table 1. "Source protein" refers to an amino acid sequence or 
predicted amino acid sequence contained in a publicly available nucleotide and/or protein 
database having a region identical to an EPT sequence. In some cases, a "source protein" 
may not actually represent a protein from which a peptide is derived, but merely a protein 

30 (or predicted protein) containing a sequence identical to that of an EPT sequence. 

Peptides can be referenced to multiple different source proteins. The list of all identified 
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source proteins for any one peptide is listed in Table 1. The sequences corresponding to 
the SEQ ID NOs of the source proteins are in the accompanying sequence listing. 

The amino acid sequence for each of the source proteins was derived from NCBI 
(www.ncbi.nlm.nih.gov/PubMed/). The entire content of this reference is herein 
incorporated by reference. 

Criteria 4, "source protein symbol," provides the symbol identifying the source 
protein. Proteins may have been identified by different protein symbols in which case the 
different protein symbols for the source protein have been listed. Symbols are obtained 
from three places in the following order: (a) gene symbol(s) and alias(es) from Locus 
Link; (b) gene name(s) from LocusLink; or (c) Locus titles from Locuslink 

Criteria 5, entitled "biological classification " provides a numeric key 
representing functional classifications for the peptide sequences. Several of these 
biological classes are described in detail in the application. All known biological 
classifications for a particular peptide are listed in Table 1 . The numeric key 
corresponding to the biological class is as follows: 
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FUNCTION_KEY 


BIOLOGICAL FUNCTION. • 


1 


CYTOSKELETON 


2 


TUMOR SUPPRESSOR 


3 


DNA BINDING 


4 


PATHOGENESIS 


5 


RNA BINDING 


6 


RIBONUCLEOPROTEIN 


7 


DNA-BINDING PROTEIN 


8 


NUCLEUS 


9 


TRANSCRIPTION CO-REPRESSOR 


10 


J>OL H TRANSCRIPTION 


11 


DNA PACKAGING 


12 


TRANSFERASE 


13 


CHROMATIN/CHROMOSOME STRUCTURE 


14 


TRANSCRIPTION REGULATION 


15 


fflSTONE ACETYLTRANSFERASE 


16 


TRANSCRIPTION ACTIVATING FACTOR 


17 


ACTIVATOR 


18 


INHIBITOR OR REPRESSOR 


19 


TRANSPORTER 


20 


POTASSIUM TRANSPORT 


21 


SULFONYLUREA RECEPTOR 


22 


CHANNEL [PASSIVE TRANSPORTER] 


23 


TRANSCRIPTION FACTOR 


24 


PHOSPHOPYRUVATE HYDRATASE 


25 


REPRESSION OF TRANSCRIPTION FROM POL E PROMOTER 


26 


LYASE 


27 


LEARNING AND MEMORY 


28 


SYNAPTIC TRANSMISSION 


29 


SMALL MOLECULE TRANSPORT 


30 


GLUTAMATE SIGNALLING PATHWAY 


31 


INTEGRAL PLASMA MEMBRANE PROTEIN 


32 


N-METHYL-D-ASPARTATE SELECTIVE GLUTAMATE 
RECEPTOR 


33 


NEURONAL TRANSMISSION 


34 


RECEPTOR (SIGNALLING) 


35 


MITOSIS 


36 


ONCOGENESIS 


37 


BASEMENT MEMBRANE 


38 


NUCLEAR CHROMOSOME 


39 


DNA MEDIATED TRANSFORMATION 


40 


CHONDROITIN SULFATE PROTEOGLYCAN 


41 


CHROMOSOME ORGANIZATION AND BIOGENESIS 


42 


MITOCHONDRION 
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Al 




Ad 




A^ 


PYT090T 




*V MT TPT PfYTTn A QP 


An 


PTVTYPHT AW 
JT1 I JJJKUJLirVoJC. 


AR 
40 


A/TPTAT T nPNTHOPP PTTH A QP 


AQ 


pp/ttpoj v^t<j akth PPPTrnnT y<5T<2 

rssXJ i JcUJLi I olo r\iSU JT JCJr 1 XUkJL, I OJL3 


JV 


XTT7T TP OA/IT T^PTTT A P TT TMPTT/YKT TYP VPT PPAyTPNT 
IN JC UKUJVi UoL U JLAK J UiN U 1 1UIN JL/JC V JDlAjriVJLCTN 1 


<1 

Jl 


PP OTP A QP ffYTTTPP TTI AXT PP OTP A *!OMAT "V 

JrjKUlJCAoJti {UlJnilJK ljrlAlN J^UlJiAoUlVJLttJL,/ 


CO 

JZ 


IKAINoUKlr llUiN UU-JrAUlUK 


JJ 


Tp a XTCPP TDTTrVNT "CP HA/T PPT TT PP OAvTHTPP 
1 KAJNoUKJLr 11UIN JrKUM rVJL, Jl JrJxUIVlU 1 UK 


54 


DXT A DAT VTV/TPD A TT TT? A MQPP TPTTAXI PAPTfYP 
KIN A JtUjL I MJtSKAoJb 11 lKAlNoCJKJLr 1 1UIN rAt 1 UK 


cc 
55 


xrr?/^ a TJ\rc POXTTP AT AT? PTTT T PP AT TPPP ATT OAT 
JNJbUA 1 1 Vjd CUIN 1 KUL UJT UJuJLjL JrKUiJLrJDiv/V Jl 1UIN 


DO 


PHMTDPiT AT? AT7T T DPOT TPPP ATTPkM 

CUJN 1 KUJL Ur ^HLJ-. r KUiJLrliK A 1 1U1N 


c*7 
5/ 


AT7T T DD AT TT7DD A TT AXT - 

UJbjLL jrKULlrliKAllUJN 


CO 
JO 


T"YC"\ nor /"YDA jexft a T DD OfTr C CX? C 

JL/Jc VJiJLUrJvJLblN 1 AJL jrKUUJDOoJtlo 


CO 

5y 


T\\ V U Ul P T7ATTT A TTOTSJ 

jUlrrJcKliiN 1 JA 1 1UIN 


OU 


InXTA PT3PATP 
JUXNA KJirAlK 


A1 
01 




AO 


PTP?T T PVPT "C PPkXPTP OT 


oi 


TM7T T A T^XT A PAT VA/TCP A QT7 POPAPTOP 
DtLL, 1 A-JUJ?n A JrUJL I jyjlliKAoIi dJr AV^ 1 UK 


04 


DD nT TCT7P A TTXTn PRT T MT TPT PAP A NTTTPPM 

rKUJLiJrJC.JtvA 1 JUNU UJtiJLJL, IN Ul^JLliAK A1N 1 lUJDlN 


05 


JUJN A o I iN 1 rlriolo 


DO 


T\xt a DAT VA./TCD ACT? CXQ QTTRTTXTTT 1 

LlJNA rULiMJcKAoJb UK oujdUJNII 


/CO 

67 


CYlUFLAoM 


/CO 
00 


Or\T T TDT T7 T7D A ATTAM 

oULUjDJLli JrKAullUJN 


by 


DD ATTJTXT DTA O VTvrFUP CTC 

rKUlJbliN jdIUo i JN IJtUtiMo 




TD VDT ADU A MVT TDM A D TAO VNTT 1 LTR C TC 

IK I Jr 1 UJrriAJN Y jL- 1 JKIN A r>lUo I IN 1 rlliolo 


71 


T TA A CT7 


OO 

/Z 


DD ATL'TNT CVTVTTXJT7CTC 

rKU 1 JbliN o i JN 1 lljbolc> 


oo 
/i 


1KJNA o YJNlJblblAoii 


/4 


DXTA D TMH TKirZ DD ATTJTNT 

KIN A-Jt> JLIN iJ UN U JrKU 1 iiJUN 


/5 


D XT A DD HPT; O Q TXT CIF\A r\rMT7TP A TTOXT 
KJN A JrKUuiioolJN U/ MUl-'lrlU A 1 XUIN 


/O 


T TDTF\ A/TPTAPAT TC\/T 
LlriXJ jyjLbi AjdUL-IoJYL 


oo 
/ / 


A AATNJnPTTOCPTTOT TPTTI TP AIUQPHPT 

AJLVJUUN UJr JtlUp Jr rlUJL*JLr UJ JL K/VLN or Ulv I 


OQ 
/o 


AiwrrwnpwnQpprnT tpth tp AXTQPnPTTNrn atpaw 

/\iViilN UJrjtlUoJr IlUljJurJU/- 1 IvrVIN oJrUJtv I in \J r\ I ri\o Jd 


70 

/7 


APT7VP TP ATsJWOPTPP PPTMAPY 
/\U 1 Jl V JD 1 Jtv/VIN J Jr UiV 1 JCJV, JrlSJLivl/iUCV I 


80 


AGEING 


81 


HELICASE 


82 


DNAHEUCASE 


83 


3'-5'EXONUCLEASE 


84 


ADENOSINETRIPHOSPHATASE 


85 


AGING 


86 


NUCLEASE [ENDO, EXO, RTJBO, DEOXYRDBO] 
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19Q 

xLy 


A NTT PATFTfjnFNI RF^PON^F 

rxlN I rla 1 XIvJvJXjIN JNJDOi 


1 jU 


APTTNf PTTNTTYT TNH 


XD 1 


APTTN PYTO^TTRT FTON 


1 jZ 


PFTT QUAPT? AMD PFTT 9T7F COTsTTROT 


Ijj 


APTTM PVTO^^TFT FTON RFOPOANT7ATTON 




PFT T ^TRTTPTTTRF 


XDD 


PniV/TPT FY A ^WA/TRT Y PPOTFTN 
OU1Y l.r 1 .* C» A /\ O OXZa\XD-L# I rxVw 1 XiliN 


1 QA 

loo 


P 1 /C QPPPTFTP PVPT TXT 
Lil/o-orri.^iri^ I L*1J1N 


XD 1 


PPnTTT ATflPV QTTPTTXTTT 


XDO 


apopthqtq tnthtrttop 


loy 


T-TTQTOXTP TYR A PPTVT A QP 


1 A A 
14U 


TTXTP piattytxtpi 


1/11 

141 


A MTTA /TTPT? OP TAT T-TTTA/TOP AT PPQPOXT^F 


1 AO 

14Z 


CX/TAT T A/TOT PPTTT P PTXTTnTXTP PPHTFTM 
jMVI Al J , lvlUJLCv^Ul^-JjllNL'JLl^ riSXJ 1 HUN 


1/1*2 
14 D 


DUO C "DT-TO A H A XTXTOA/TT TT A CP 
. nUoJrxlUNlAJNlNUJVlU 1 Aoxi 


1AA 

144 


dd otptxt pt vphcvt attoxt 
r KU 1 HITS Lxb I LUo I LtJ\ 1 1U1N 


14 J 


XT T TNTVPT* PIT VPOQVT ATTnXJ 


140 


PT\P A/T A XTXTOC P PTO C VTSJTPTP CTC 
UlyJr-IVl/VLNlN UoH JDHJo I IN 1 XXDOlo 


1 /IT 
14 / 


A /TP A /TP P A XTP PP A PTTOXT 
1 VJJCl Vlx5 K/VIN JCj FJ\/\V^11UIn 


1 AQ 
14o 


PP A TM rYR\rKT OPA/TThAJT 
xJKAliN fE V EtLXJrLvl nlN 1 


1 AQ 

i4y 


PD OTP TNT PTTvrnTNTP 


IjU 


TP AMQPPTPTTnXT PAPTOP POAAPT FV 


i < i 


TP A XTCPP TDTTnxr PPnT TT A TTPlXT PP Ci\A VCW TT PP OMfYTPP 
1 Jtvr\lN oUKJUr 1 1L/1N JtvCVj UJLA 1 1L/1N X^XvvJlYl fUL 11 Jr Jvv^lViU 1 mv 


IjZ 


OAC P YPTJ A XTnP 


1 CO 

Id J 


MlLKUoUJVLc 


1 C/1 

134 


OT A CAyTA A/rCA/TDO A ATP 


Ijj 


\7PCTPT P TAT? riPTTATP 
V J&MULJi lAKOxllItNO 


lDD 


t3t> to new nt td amcdatjt 


12) / 


p*V CTD OT>XTTNT A C onPT A TPT\ PT VPPiPP OTP TXT POA/TPT FY 


1 CQ 

lDo 


tJT TJPTDOXT Tt> AXTCDOT?TPP 

riJLbClKUiN lKAJNoFUKlllK 




OTTTXTOT TXT ATP CVXTTTJT A CP 

Kl UJLfsUluJJNAlxi oiiNlrlAoxi 


10U 


OTXTRP A/TPT APOT TQAVT 


1 Ai 
101 


PPT T A/TOTTT TTV 


lOZ 


TXTVA QTVP HP OWTTT 
AiN V/\ol Vx2 KJJSxJ W 1X1 


IDj 


PYTn^XTPT FT AT QTPTTPTTTP AT PPOTFTN 


1D4 


PPPPFPTTOXT HP PF^T/PATFTnnFXT/PAP A 9TTF 


103 


piXT A PPPnA/TRTXTATTnXT 
JJ1N A JvTlO VJ1V1X>11N i\ X 1VJ1N 


166 


PROTEIN MODIFICATION 


167 


DOUBLE-STRAND BREAK REPAIR 


168 


SPUCEOSOME 


169 


ENDONUCLEASE 


170 


BASE-EXCISION REPAIR 


171 


ENDODEOXYREBONUCLEASE 


172 


URACIL-DNA GLYCOSYLASE 
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' i74jCENTRO^M] 



175KINErOCTORE_ 



177lOmOMOS(g 




186^ 



196PHOTOKECEPTIOTi 



198 PEROXISOME 



^nlMGR^NMomirY 



206STEROLCARRER 




^^^^^^ 



^^UCTONOF^OPTOSK 



213CH^ERO^ 




214|CALCTyMBmDWG 



ris P ROTEIN SECRET ION 
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217 


ENDOPLASMIC RETICULUM MEMBRANE 


218 


CHAPERONES 


219 


PROTEIN TRANSLOCATION 


220 


HISTONE DEACETYLASE COMPLEX 


221 


CELL CYCLE REGULATOR 


222 


DNA DAMAGE RESPONSE, ACTIVATION OF P53 


223 


HEAVY METAL BINDING 


224 


EPIDERMAL DEVELOPMENT AND MAINTENANCE 


225 


HYDROGEN-TRANSPORTING ATP SYNTHASE 


226 


HYDROGEN-TRANSPORTING TWO-SECTOR ATPASE 


227 


CHROMATIN SILENCING 


228 


ATP DEPENDENT RNA HELICASE 


229 


RESPONSE TO VIRUSES 


230 


ANTIVIRAL RESPONSE PROTEIN 


231 


PATHOGENIC INVASION 


232 


PEPTIDE TRANSPORT 


233 


PEPTIDE TRANSPORTER 


234 


ENZYME ACTIVATOR 


235 


NON-SELECTIVE VESICLE TRANSPORT 


236 


TRANSLATION FACTOR 


237 


PROTEIN SYNTHESIS ELONGATION 


238 


ACTIN FILAMENT 


239 


GTPASE ACTIVATOR 


240 


GTPASE INHIBITOR 


241 


CALMODULIN BINDING 


242 


PERIPHERAL PLASMA MEMBRANE PROTEIN 


243 


GTPASE ACTIVATING PROTEIN 


244 


LYSOSOME 


245 


LYSOSOME ORGANIZATION AND BIOGENESIS 


246 


RNA PROCESSING 


247 


PEPTIDASE 


248 


ARSENTTE TRANSPORTER 


249 


NUCLEOCYTOPLASMIC TRANSPORT 


250 


NUCLEAR-CYTOPLASMIC TRANSPORT 


251 


GLUCOSE CATABOLISM 


252 


GLYCEROL-3-PHOSPHATE DEHYDROGENASE 


253 


NUTRIENT ABSORPTION 


254 


CYCLOPHEJN 


255 


ISOMERASE 


256 


SPECIFIC RNA POLYMERASE H TRANSCRIPTION FACTOR 


257 


PROTEIN FOLDING 


258 


HETEROCHROMATIN 


259 


VIRULENCE 


260 


H3/H4 HISTONE ACETYLTRANSFERASE 
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261 


METALLOCARBOXYPEPTIDASE 


262 


CASEIN KINASE II 


263 


JAK-STAT CASCADE 


264 


ACUTE-PHASE RESPONSE 


265 


HEMATOPOEITIN/INTERPERON-CLASS (D200-DOMAIN) 
CYTOKINE RECEPTOR SIGNAL TRANSDUCER 


266 


SIALYLTRANSFERASE 


267 


AMNOSUGAR METABOLISM 


268 


GLYCOLBPID METABOLISM 


269 


LIPOPROTEIN MODIFICATION 


270 


DNA TOPOISOMERASE 


271 


DNA TOPOISOMERASE (ATP-HYDROLYZING) 


272 


TOPOISOMERASE 


273 


DNA METABOLISM 


274 


DNA-DIRECTED RNA POLYMERASE I 


275 


TRANSCRIPTION FROM POL I PROMOTER 


276 


RNA POLYMERASE I TRANSCRIPTION FACTOR COMPLEX 


277 


POL I TRANSCRIPTION 


278 


RNA POLYMERASE SUBUNTT 


279 


TYROSINE RECOMBINASE 


280 


26S PROTEASOME 


281 


19S PROTEASOME REGULATORY PARTICLE 


282 


PROTEIN DEGRADATION 


283 


PROTEASOME SUBUNTT 


284 


ASPARTIC-TYPE ENDOPEPTIDASE 


285 


GUANYLATE CYCLASE 


286 


RECEPTOR GUANYLATE CYCLASE 


287 


MEIOTIC RECOMBINATION 


288 


MITOTIC RECOMBINATION 


289 


RRNA PROCESSING 


290 


SMALL NUCLEOLAR RNA 


291 


OTHER DEVELOPMENT 


292 


MALE MEIOSIS 


293 


TRANSCRIPTION FACTOR TRUE 


294 


TRANSCRIPTION INITIATION FROM POL II PROMOTER 


295 


GENERAL RNA POLYMERASE II TRANSCRIPTION FACTOR 


296 


ARYLESTERASE 


297 


TUMOR ANTIGEN 


298 


INFLAMMATORY RESPONSE 


299 


ANTIBACTERIAL HUMORAL RESPONSE 


300 


RESPONSE TO PATHOGENIC BACTERIA 


301 


ATP DEPENDENT DNA HELICASE 


302 


PROTEIN COMPLEX ASSEMBLY, MULTICHAPERONE 
PATHWAY 
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302 


CARBOHYDRATE METABOLISM 


304 


ISOCITRATE DEHYDROGENASE (NAD+) 


30f 


>GTPASE 


306 


• GTP-BINDING PROTEIN/GTPASE 


301 


'RRNA TRANSCRIPTION 


308 


» TRNA TRANSCRIPTION 


30S 


TRANSCRIPTION FACTOR TPHIC 


31C 


TRANSCRIPTION FROM POL m PROMOTER 


311 


RNA POLYMERASE HI TRANSCRIPTION FACTOR 


312 


POL m TRANSCRIPTION 


313 


INTRACELLULAR SIGNALLING CASCADE 


314 


GOLGI APPARATUS 


315 


ARF GUANYL-NUCLEOTIDE EXCHANGE FACTOR 


316 


GUANINE NUCLEOTIDE EXCHANGE FACTOR 


317 


RNA ELONGATION FROM POL E PROMOTER 


318 


POSITIVE TRANSCRIPTION ELONGATION FACTOR 


319 


MICROTUBULE 


320 


STRUCTURAL PROTEIN 


321 


GLIA CELL DIFFERENTIATION 


322 


PHOSPHOLIPID BINDING 


323 


SKELETAL DEVELOPMENT 


324 


CARTILAGE CONDENSATION 


325 


BONE DEVELOPMENT AND MAINTENANCE 


326 


NUCLEAR PORE 


327 


RAN PROTEIN BINDING 


328 


IMPORTER BETA-SUBUNTT 


329 


NLS-BEARING SUBSTRATE-NUCLEUS IMPORT 


330 


NUCLEAR LOCALIZATION SEQUENCE BINDING 


331 


RECEPTOR (PROTEIN TRANSLOCATION) 


332 


PROTEIN COMPLEX ASSEMBLY 


333 


PROLYL-TRNA BIOSYNTHESIS 


334 


GLUTAMYL-TRNA BIOSYNTHESIS 


335 


PROTEIN ADP-RD3 OS YLATION 


336 


CELL GROWTH AND MAINTENANCE 


337 


NAD(+) ADP-PJBOSYLTRANSFERASE 


338 


LARGE RIBOSOMAL SUBUNIT 


339 


STRUCTURAL PROTEIN OF RIBOSOME 


340 


GENERAL CELLULAR ROLE 


341 


RIBOSOMAL SUBUNIT 


342 


MEMBRANE. 


343 


CIRCULATION 


344 


POSHTVE CONTROL OF CELL PROLIFERATION 


345, 


i\NGIOGENESIS 


346 


HEPARIN N-DEACTYLASE/N-SULFOTRANSFERASE 
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347 


TELOMERE MAINTENANCE 


348 


REGULATION OF MITOTIC RECOMBINATION 


349 


SINGLE-STRANDED DNA SPECIFIC 
ENDODEOXYRIBONUCLEASE 


350 


MAP KINASE 


351 


TGFBETA RECEFIOR MuNAJUJUNU rAliiWAY 


352 


rpr> A XTOT A TTAXT A T T>T?/"'TTT A HPT /"\ XT 

TRANSLATIONAL REGULATION 


353 


PROTEIN KINASE INHIBITOR 


354 


CHEMOTAXIS 


355 


PHOSPHODIESTERASE I 


356 


PHOSPHATE METABOLISM 


357 


NUCLEOTIDE PYROPHOSPHATASE 


358 


TRANSCRIPTION FACTOR BINDING 


359 


G-PROTEEN LINKED RECEPTOR PROTEIN SIGNALLING 
PATHWAY 


360 


OTHER PHOSPHATASE 


361 


GUANYLATE KINASE 


362 


OTHER KINASE 


363 


MOTOR 


364 


NON-MUSCLE MYOSIN 


365 


MOTOR PROTEIN 


366 


DEOXYCYTIDINE KINASE 


367 


PYRMIDINE NUCLEOTIDE METABOLISM 


368 


CHOLINE KINASE 


369 


LIPID TRANSPORT 


370 


HEARING 


371 


CELL CYCLE ARREST 


372 


MITOTIC Gl/S TRANSITION 


373 


INDUCTION OF APOPTOSIS BY INTRACELLULAR SIGNALS 


374 


PROTEIN PHOSPHATASE 1 BINDING 


375 


PROTEIN KINASE A ANCHORING PROTEIN 


376 


ANCHOR PROTEIN 


377 


LIPID BINDING 


378 


ACTIVATION OF MAPK 


379 


G-PROTEIN LINKED RECEPTOR 


380 


PHOSPHOR YLASE KINASE 


381 


TRANSCRIPTION TERMINATION FROM POL II PROMOTER 




LJilN 1KAJL JNliK VUUo Dlo 1 JiiVl XJEv slsJJrNlEdX 1 


383 


OXIDATIVE STRESS RESPONSE 


384 


CELL STRESS 


385 


RECEPTOR 


386 


CELL SURFACE RECEPTOR LINKED SIGNAL TRANSDUCTION 


387 


LIGAND 


388 


APOPTOSIS 
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389 


CELL-CELL SIGNALLING 


390 


HEAT SHOCK PROTEIN 


391 


TRANSLATIONAL REGULATION, INITIATION 


392 


MRNA CLEAVAGE 


393 


MRNA POLYADENYLATION 


394 


CHOLINESTERASE 


395 


LAMENIN RECEPTOR 


396 


LAMININ RECEPTOR PROTEIN 


397 


CYTOSOLIC SMALL RBOSOMAL (40S)-SUBUNIT 


398 


FATTY ACID DESATURATION 


399 


EGF RECEPTOR DOWN REGULATION 


400 


MICROTUBULE NUCLEATION 


401 


MICROTUBULE ASSOCIATED PROTEIN 


402 


INTERLEUKIN-2 RECEPTOR 


403 


INTERLEUKIN-4 RECEPTOR 


404 


INTERLEUKIN-7 RECEPTOR 


405 


INTEGRIN 


406 


COLLAGEN BINDING 


407 


BLOOD COAGULATION 


408 


CELL ADHESION RECEPTOR 


409 


HISTOGENESIS AND ORGANOGENESIS 


410 


BLOOD CLOTTING 


411 


TRANSMEMBRANE RECEPTOR PROTEIN TYROSINE KINASE 


412 


CYTOSOLIC LARGE RIBOSOMAL (60S)-SUBUNIT 


413 


CLASS II MAJOR HISTOCOMPATIBILITY COMPLEX ANTIGEN 


414 


ATP-GATED CATION CHANNEL 


415 


GONAD DEVELOPMENT 


416 


GERM CELL MIGRATION 


417 


CHOLESTEROL METABOLISM 


418 


CHOLESTEROL BIOSYNTHESIS 


419 


GERMLINE MAINTENANCE 


420 


GOLGI CIS-FACE 


421 


DYNAMDSf GTPASE 


422 


CELL COMMUNICATION 


423 


MITOCHONDRIAL MEMBRANE ORGANIZATION AND 
BIOGENESIS 


424 


1-PHOSPHATIDYLINOSirOL 3-KINASE 


425 


INOSTTOL/PHOSPHATTOYIINOSrrOL KINASE 


426 


PROTEIN-PEROXISOME TARGETING 


427 


PEROXISOME TARGETING SIGNAL-1 RECEPTOR 


428 


RAS GTPASE ACTIVATOR 


429 


CELL CYCLE 


430 


JNK CASCADE 


431 


INACTTVATION OF MAPK 
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• 432 


MESODERM DEVELOPMENT 


433 


INDUCTION OF APOPTOSIS BY EXTRACELLULAR SIGNALS 


434 


MISMATCH REPAIR 


435 


DNA REPAIR ENZYME 


436 


DNA REPAIR PROTEIN 


437 


EUKARYOTIC TRANSLATION INITIATION FACTOR 2 
COMPLEX 


438 


EXTRACELLULAR SPACE 


439 


BLOOD COAGULATION FACTOR IX 


440 


Protein phosphatase type 1 catalyst 


441 


REGULATION OF G-PROTEIN LINKED RECEPTOR PROTEIN 
SIGNALLING PATHWAY 


442 


METHYL TRANSFERASE 


443 


3'(2'),5'-BISPHOSPHATE NUCLEOTIDASE 


444 


NUCLEOBASE, NUCLEOSIDE, NUCLEOTIDE AND NUCLEIC 
ACID METABOLISM 


445 


CYTOCHROME-C OXIDASE 


446 


LEARNING 


447 


FEEDING BEHAVIOR 


448 


PROTEIN TYROSINE KINASE 


449 


METfflONINE-TRNA LIGASE 


450 


ACTIN MODULATING 


451 


NUCLEOTIDE-EXCISION REPAIR 


452 


SINGLE-STRANDED DNA BINDING 


453 


EXTRACELLULAR MATRIX STRUCTURAL PROTEIN 


454 


ADENOSINE DEAMINASE 


455 


ADENOSINE DEAMINASE REACTION 


456 


RAS PROTEIN SIGNAL TRANSDUCTION 


457 


RAL GUANYL-NUCLEOTIDE EXCHANGE FACTOR 


458 


SMALL GTPASE REGULATORY/INTERACTING PROTEIN 


459 


COATED VESICLE 


460 


SECRETORY VESICLE 


461 


VESICLE TRANSPORT 


462 


VESICLE COAT PROTEIN 


463 


HIGH-DENSITY LIPOPROTEIN 


464 


INTERCELLULAR TRANSPORT 


465 


DNA DAMAGE RESPONSE 


466 


EYE PIGMENT BIOSYNTHESIS 


467 


INTRACELLULAR PROTEIN TRAFFIC 


468 


PROTEIN DEPHOSPHORYLATION 


469 


PROTEIN TYROSINE PHOSPHATASE 


470 


RIBOSOME BIOGENESIS 


471 


UBIQUmN LIGASE COMPLEX 


472 


UBIQUTTIN CONJUGATING ENZYME 
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473 


UBIQUTTDSf-DEPENDENT PROTEIN DEGRADATION 


A1 A 

474 


PROTEIN CONJUGATION FACTOR 


475 


/"ITT A 'H'P'n /\\TT\T A ' 1 *T1 A flT" 1 

CHAPER0N1N ATPASE 


476 


NUCLEIC ACID BINDING 


411 


HEAT SHOCK RESPONSE 


478 


NADPH:QUINONE REDUCTASE 


479 


PHOSPHOGLYCERATE KINASE 


480 


FK506 BINDING 


481 


MITOCHONDRIAL MATRIX 


482 


ELECTRON TRANSFER FLAVOPROTEIN 


483 


PROTEIN PHOSPHATASE TYPE 1 


484 


MITOTIC CHECKPOINT 


485 


ANAPHASE-PROMOTING COMPLEX 


486 


SIGNAL RECOGNITION PARTICLE 


487 


DIACYLGLYCEROL KINASE 


488 


PHOSPHOLIPASE C ACTIVATION 


489 


CYTOSTOLIC CALCIUM ION CONCENTRATION ELEVATION 


490 


PHOSPHORffiOSYLGLYCINAMIDE FORMYLTRANSFERASE 


491 


TRANSLATION INITIATION FACTOR 


492 


EUKARYOTIC TRANSLATION INITIATION FACTOR 3 
COMPLEX 


493 


RAN GTPASE ACTIVATOR 


494 


SIGNAL SEQUENCE RECEPTOR 


495 


CO-TRANSLATIONAL MEMBRANE TARGETING 


496 


DEOXYRIBONUCLEOSIDE MONOPHOSPHATE BIOSYNTHESIS 


497 


IMPORTIN, ALPHA-SUBUNIT 


498 


REGULATION OF DNA RECOMBINATION 


499 


NUCLEAR IMPORT/EXPORT PROTEIN 


500 


SPINDLE 


501 


CENTROSOME 


502 


CYTOKINESIS 


503 


SPINDLE POLE BODY 


504 


POLYSOME 


505 


MITOTIC SPINDLE CHECKPOINT 


506 


CARBAMOYL-PHOSPHATE SYNTHASE (GLUT AMINE- 
HYDROLYZING) 


507 


DEUBIQUTTYLATION 


<nc 
jUo 


U Y MxuINJti-1 irJb JtUNDOrEPTlDASE 


509 


UBiQurriN-sPECinc protease 


510 


ENDOCYTOSIS 


511 


RAB GTPASE ACTIVATOR 


512 


INSULIN RECEPTOR SIGNALLING PATHWAY 


513 


rnahelicase 


514 


lysine-trna ligase 
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515 


NUCLEOSOME ASSEMBLY 


516 


CHROMATIN ASSEMBLY COMPLEX 


517 


CALCIUM ION TRANSPORTER 


518 


INOSITOL-1 ,4,5-TRIPHOSPHATE RECEPTOR 


519 


DNA-DDRECTED RNA POLYMERASE II 


520 


ASPARTATE CATABOLISM 


521 


CYTOCHROME P450 


522 


EYE MORPHOGENESIS 


523 


EXOCYTOSIS 


524 


SNAP RECEPTOR 


525 


MEMBRANE FUSION 

JLVXX^lVXIJXVfxjL t|J-# J. l_/OJLV_/i> 


526 


NON-SFLFfTTVF VFSTCT F TARGFTTNG 


521 


DOCKING PROTFTN 


528 


PROTFTN TARGFTTNG 


529 


REGULATION OF CDK ACTTVTTY 

iVUVJ XjTx X XVy/J. l X V^JL-'XY. X X V X X X 


530 


FT JKARYOTir TR AN^T ATTON TNTTTATTON FACTOR 4 
COMPLEX 


531 


SNRNP U2E 


532 


SNRNP U1E 


533 


SMALL NUCLEAR RD30NUCLEOPROTEIN 


534 


PROTEIN LOCALIZATION 


535 


SERPIN 

WsXJXVX XX 1 


536 


EN7YMF TNHTRTTOR 

XJu. i/j X jLVi-l « XX X XXXJ X X V/XV 


537 


N-MEHxYLTRANSFERASE 




N-TFR MTN A T PR OTPTNT MFTHYT A TTON 
ri-l jDx\JLVJJJLN r\Ju rj\w x jCJLM 1YJLD 1 xl I JL</\ 1 JLwrN 




TAyTp p VPT nTTVTYP HT A QT? 


540 


rjQUor XX\Ji\JJj\Jo I A-(/\iVJUi>IVJxlVxjLJ^ 
FORMYT TR AN9FFR A <?F 

X WJViVX ILfl JVrVM OX^XiXv/iOXi 


541 


1WTTOTTC G9 PHA9F 


542 


SPTNDT F POT F RODY AND MTPROTTTRTTT F CYPT F f^FN^TT 
SACCHAROMYCES") 


543 


GMP SYNTHASE 


544 


PURINE BASE BIOSYNTHESIS 


545 


DNA DEPENDENT DNA REPLICATION 


546 


DNA REPLICATION FACTOR A COMPLEX 


547 


NUCLEOTIDE BINDING 


548 


pNA REPLICATION CHECKPOINT 


549 


DNA REPUCATION INHIBITION 


550 


MITOTIC START CONTROL POINT 


551 


TEMPERATURE RESPONSE 


552 


TRANSCRIPTION 


553 


RECEPTOR SIGNALLING PROTEIN TYROSINE KINASE 


554 


DAMAGED DNA BINDING 


555 


PYRIMIDINE-DIMER REPAIR, DNA DAMAGE EXCISION 
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59S 


'Imuscle MYOSIN 


60C 


PHOSPHOLJPASE A2 


601 


MITOTIC CHROMOSOME SEGREGATION 


602 


. OLIGOSACCHARYL TRANSFERASE 


603 


MYOSIN ATPASE 


604 


GTP BINDING 


605 


CELL SHAPE CONTROL 


606 


SMALL GTPASE MEDIATFD <5TGNAT TR AN^DT TrTTONT 


607 


HYDROGEN-TRANSPORTING ATP SYNTRAQF patat vttp 
CORE 


608 


MUSCLE DEVELOPMENT 


609 


PREGNANCY 


610 


UBIOUiriN-PROTEIN LIGASF 


611 


ACYLTRANSFERASE 


612 


FA1TY ACID METABOLISM 


613 


GUANYLATE CYCLASE SOLUBLE 


614 


NO MEDIATED SIGNAL TRANSDUCTION 


615 


FATTY ACID CATABOLISM 


616 


PROPIONYL-COA CARBOXYLASE 


617 


PROTEIN ACETYLATION 


618 


WCLEOSOME REMODELLING COMPLEX 


619 


CASPASE-2 


620 


APOPTOTIC PROGRAM 


621 


7-ALPHA-HYDROXYSTEROTD DFHYDROGFNA<JF 


622 


INOSITOL-1 4 5-TRIPHOSPHATE 5-PHOSPWATA<5F 


623 


LIGAND-DEPENDENT NUCLFAR RFCFPTOR 


624 


ACTEN BINDING 

■* JL JL-L i JL.' JUL ^A^AA 1 \ J 


625 


POST GOLGI TRANSPORT 


626 


PYRIDOXAL KINASE 


627 


LAMIN 


628 


NUCLEAR LAMINA 


629 


SERINE PROTEASE INHIBITOR 

'A.VU ' -*— ' A jlx^x A JWJTAkJ'JW JUL, il III »X A V-/AV 


630 


J> liiAKOYL-COA 9-DESATURASF 


631 


HEPATOCYTE GROWTH FACTOR RFCFPTOR 


632 


RTT.F. ACID BIOSYNTHESIS 


633 


OXYSTEROL 7-ALPHA-HYDROXYLASE 


634 


E*0S'1'ERI0R MIDGUT DEVFLOPMPNT 


635 


EXTRACELLULAR 


636 


MICROTUBULE STABILIZATION 


637 


EGF RECEPTOR SIGNALLING PATHWAY 


638 


NEUROTROPHIC TRKA RECEPTOR 


639 


TRANSMEMBRANE RECEPTOR PROTEIN TYROSINE KINASE 
SIGNALLING PATHWAY 


640 


METALLOPEPTTDASE 
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641 


MITOCHONDRIAL TRANSLOCATION 


642 


MITOCHONDRIAL INNER MEMBRANE TRANSLOCASE 
COMPLEX 


643 


FRUCTOSE METABOLISM 


644 


CYTOPLASMIC DYNEIN 


645 


ARP2/3 PROTEIN COMPLEX 


646 


CELL ELONGATION 


647 


NADH DEHYDROGENASE (UBIQUINONE) 


648 


GAMETOGENESIS 


649 


MEIOTIC CHROMOSOME 


650 


DNA DAMAGE CHECKPOINT 


651 


MITOTIC CHROMOSOME CONDENSATION 


652 


DNA REPLICATION AND CHROMOSOME CYCLE 


653 


CAMP-DEPENDENT PROTEIN KINASE REGULATOR 


654 


EUKARYOTIC TRANSLATION ELONGATION FACTOR 1 


655 


GOLGI MEMBRANE 


656 


MANNOSE BINDING LECTIN 


657 


PHENYLALANINE--TRNA LIGASE 


658 


PHENYLALANYL-TRNA BIOSYNTHESIS 


659 


LIGAND BINDING OR CARRIER 


660 


ELECTRON DONOR 


661 


ACYL-COA OXIDASE 


662 


CELL AGEING 


663 


DNA-DIRECTED RNA POLYMERASE m 


664 


TRANSCRIPTION REGULATION FROM POL I PROMOTER 


665 


RIBOSOME 


666 


SIGNAL RECOGNITION PARTICLE RECEPTOR 


667 


LONG-CHAIN-FATTY-ACID-COA-LIGASE 


668 


MONOOXYGENASE 


669 


TRANSLATIONAL ATTENUATION 


670 


TROPOMYOSIN BINDING 


671 


ACTIN CAPPING PROTEIN 


672 


CHROMATIN 


673 


PROTEIN-NUCLEUS IMPORT 


674 


LAMININ-5 


675 


DEFENSE/IMMUNITY PROTEIN 


676 


LANOSTEROL 14-ALPHA-DEMETHYLASE 


677 


SH3/SH2 ADAPTOR PROTEIN 


678 


RHO PROTEIN SIGNAL TRANSDUCTION 


679 


ACTIN FILAMENT SEVERING 


680 


ACTIN POLYMERIZATION/DEPOLYMERIZATION 


681 


RAB GDP-DISSOCIATION INHIBITOR 


682 


XENOBIOTIC METABOLISM 


683 


DETOXIFICATION RESPONSE 



UOt 1 


PYTOrTTR OA/TP Tl^ PFr*TTrTA c sP 


UOJ 




uou 




uo / 


CVMAPTTP TP AN^MT^TON PHOT TTVTFP PJP 


uoo 


T AMTM RTMnTWn 

i^/\iVJULLN X>JLLNUjiNVJ 




J^/olvlJIN/v^rUxvJlYXnLl JIN JDJiNJL/JINvJ 




a A/rvT nrn pp otptm 


. 691 


MRNA BINDING 


oyz 


PT^D T\TO cr\PT A TTHM TXTTJTTPTTOP 




A 4T7 r TXTC?XTVT TTTTO A TJTVTkP OTJOT A TC PVPT AITVT\D OT A OT? 

MblHbiN YLlbiKAHlDKUrULAlb *^ Y vJLUnYDKUJLAob 


oy4 


A I'L'TIJVT "DXTCTnTD A UVT\D ATJ^T A TT7 T^TTTJTVTYD O^PTTVT A CT3 

Mb Ini JJtiJNb 1 b 1 KAn YlJKUrULA 1 b Dbii Y UKUUbN Aob 




C A TOT T ITC T\AT A T> TVTTNTVT/'" 1 


oyo 


T TDTTT* DAT) TTOT T7 

LirUJ FAR 1 lULb 


£07 


rsUN-ivlbMBKAJNb SrAJNJNlNU rKUlbUN 1 YKUMiNb 

DTJTO CDT-T A T A CP 
rnUorJnLA 1 Aob 


oyo 


CT VPIh'P nYTT\C A/TPT A P OT TQA/T 
a Ur bKUAJl/b Mb I AJo UJLIoM 


oyy 


[blr-D AJ-UbUA I HI r UaJUNb o i in I HAob 


/uu 


POA/TDT T7Y T H\T A T\tX TPl T TP TOT TTKTOKTP^ 
UUMJrbcA 1 V 1N AL>H I U Uoll^ U JIN UIN b J 


7H1 
/UI 


A/f PTJTA QT7 


7fH 

/uz 


PVTH Q TTPT T7T A T PP HTTnTM P TTvTnTMr; PP HTTtTM 


l\JD 


PT-JnQPT4nT TP A QTh A 1 
rJcivJoirllUtJLr Aob Al 


/U4 


PT-TpiCpTT a TTPiVT CT7PTMP A/TCTAPOT TQA/T 
rnUoJrxlA 1 ID I J^bKJINb lYLc 1 Ar> vJJLloIVI 


7fK 


T TP TOT TTTTTvT A C^TWJ A TTMri ThMTVA/TD 


/UO 


OPT7PA/T ATTTl TM3\/T?T OPAyTDKTT 

orbKJVIA 1 JXl JL>b V bbUr MbJN 1 


7H7 
/U/ 


rVM A PTJPT ir* A TTHM OPT^TNT PTXTT^TIVT/^ 1 


7AC 

/Uo 


A T> TTPT TO A TTOXT T7 A PTHD 


7AO 

/uy 


UIN A KbrJJLCA 1 1UJN rAL 1 UK C CUMrJLbA 


71 f\ 


A /fTTr\TTP PI PTJTA C"C 


71 1 
/II 


'I'L'TD APVPI IMC TP A MOPOPTI7P 

IblKAUiCJLlJNb IKAINorUKlbK 


71 O 

/ Iz 


A PTTXrC TD A TVTOPOPTTTD CTJPOTvTPk ADV 


71 ^ 
f ID 


A/f A TOP T7 A PTT TT A TOP CT TPTJP TJ A A/TTT V 

JVLAJ \ JK r AClbl 1 A I UK o U rbKr AJVLUL I 


714 


PTTPTMT? KTTTOT POTTTYC PTOCVXTTTJThCTQ 


71 ^ 


A A/TTTi OPT-TO QPT-TOP TP OQVT TP AKTQT7RP A QT7 


71ft 
/ID 


PPOTPTNT TvTTTOT PTTQ TAAPOPT TP AXTQT OOATTOKT 
r Jxv^ X JQJlN -IN U U o lLYLr UK 1 , 1 JtvAIN o LXJ C A 1 IvJlN 


717 


TTSlTPPrP AT PT AQWTA A/TPAAP.P AMP PPOTROnT VP AM 
UN 1 Jj/\JJt\/\-L» JrJ-/r\olVI/\ 1VJLC1VJLD IVrVIN S2> rxsXJ IS1\J\JL* I v^rvlN 


71 S 
/ lo 


OMA QTP AMD PT OXTP A TTOM 


719 


TRANSKETOLASE 


790 




721 


IRON TRANSPORT 


722 


TRANSFERRIN RECEPTOR 


723 


BLOOD PRESSURE REGULATION 


724 


HKIEROTRIMKRIC U-PR0TE1N GTPASE, BETA SUBUN1T 


725 


ACETYL CHOLINE RECEPTOR SIGNALLING, MUSCARINIC 
PATHWAY 
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726 


PROTON TRANSPORT 


727 


VACUOLAR HYDROGEN-TRANSPORTING ATPASE 


728 


SODIUM/POTASSIUM-EXCHANGING ATPASE 


729 


SODIUM/POTASSIUM-TRANSPORTING ATPASE 


730 


ANION TRANSPORT 


731 


MITOCHONDRIAL OUTER MEMBRANE 


732 


VOLTAGE-DEPENDENT ANION CHANNEL PORIN 


733 


APOPTOGENIC CYTOCHROME C RELEASE CHANNEL 


734 


ADENINE TRANSPORT 


735 


DOUBLE-STRANDED DNA BINDING 


736 


CALCIUM-TRANSPORTING ATPASE 


737 


GLYCOPROTEIN DEGRADATION 


738 


HYALURONOGLUCOSAMINIDASE 


739 


EXTRACELLULAR MATRIX MAINTENANCE 


740 


SERINE CARBOXYPEPTTDASE 


741 


ION CHANNEL 


742 


ION TRANSPORTER 


743 


SENSORY PERCEPTION 


744 


PAIN SENSATION 


745 


THERMORECEPTOR AND RESPONSE 


746 


CYTOSOLIC RDBOSOME 


747 


L-LACTATE DEHYDROGENASE 


748 


HETEROTRIMERIC G-PROTEIN GTPASE, GAMMA SUB UNIT 


749 


RAB SMALL MONOMERIC GTPASE 


750 


RNA POLYMERASE I TRANSCRIPTION FACTOR 


751 


C-5 STEROL DESATURASE 


752 


CATABOLISM 


753 


CARBOXYLESTERASE 
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1 1 Ifl 


IPAT PTTTTVA PIT A xtxjyjt 


1111 
1 1 ± 1 


CX\ T TT ATTJTOXTT? "DT-JTYT Tr^T A or? /"NT A T^TvtXv 
UJL U 1 A 1 JtHUJN Jb KbJLJ U C 1 Aoh (IN ADrii) 


1112 


HOMOPfflUC CELL ADHESION 


lllj 


PAT PTTTN4" TXTT^^TYCXTl^'CXT'T* PHT T /'ti ,»t T xjt A nm"»TV A TMirinT/\\T 

L ALL! UM-IN DEPENDENT CELL-CELL MATRIX ADHESION 


111/1 
111* 


bMbK iUjNIL POLARITY 


1115 


MYO-INOSITOL:SODIUM SYMPORTER 


lllo 


BEHAVIOR 


1117 


CANNABINODD RECEPTOR 


1 1 in 

111b 


G-PROTEIN SIGNALLING, LINKED TO CYCLIC NUCLEOTIDE 
SECOND MESSENGER 


1119 


TIGHT JUNCTION 


1 1 OA 

llzu 


MEMBRANE-ASSOCIATED PROTEIN WITH GUANYLATE 

V TXT A CT7 A I ' it 7"n^"vr 

JKJUnASE ACTIVITY 


1121 


PERICEOTRIOLAR MATERIAL 


1 100 
llzz 


T7/""\/'-l AT A T^TTT"?OT/"\XT T/TXT A OP 

rULAL ADHESION KINASE 


1 10*3 
11/3 


CT/^XT A T /™ 1 /^X4T>T "T7"V T?/'YnX K A T'T/^XT 

MUIN AL COMPLEX FORMATION 


1 10/1 
11Z4 


UKbA U I CLE 


1 1 0< 


AKCjJUN UN Do U CLJLN A 1 E LYASE 


1 1 OA 
11Z0 


JNUCJLhOl IDE-SUGAR METABOLISM 


1 1 11 


MliUlAlUK COMPLEX 


1 IOC 
11Z5 


rAl 1 Y-ACYL-COA SYNTHASE 


1 1 on 

lizy 


lixANSCRIPTION TERMINATION 


1 1 lf\ 
113U 


IRANSCRIPTION ELONGATION FACTOR COMPLEX 


1131 


~yf\T TT 'I'll A XT P An TTVPT^X T iiii » i \ x A fx T a ryTvxx t t~i a nmAn 

POL 11 TRANSCRIPTION TERMINATION FACTOR 


1 1 'JO 

113z 


(~y a CD A OT2 1 

CAbrASE-3 


1 1 io 

1133 


POLY(ADP-RIBOSE) GLYCOHYDROLASE 


1134 


VOLTAGE-SENSlTrVE CALCIUM CHANNEL 


113j 


TDM A /"'T T A XTX/T A^T npT» a XTfipPTk a rm 

1KNA uUANYLYLTRANSFERASE 


i i o/; 
113D 


uLYCOSAMDnOGLYCAN binding 


1 1 oo 
113 / 


PROTEIN SERINE/THREONINE PHOSPHATASE 


1138 


RHO GTPASE ACTIVATOR 


1139 


CYTOSKELETON organization and biogenesis 


1 1 Af\ 

1140 


"\XT A T T/-1 A rrtrvXT 

dna ligation 


1141 


A T TVDT-TV/TVC7 TI A I »l< A "T\ /~\T tox jt 

aldehyde metabolism 


1 1 /IO 

114Z 


A T T"\/"*\ ~V T7 r P/"X Ti i » i xT T/*~wT» a 

aldo-keto reductase 


1 1 /IQ 
1143 


A T /TTTTXjf T^T^TlT?XT*r'\T?XT' 1^ TkTT/~\ nHTTAT t*OjTT*v TkTXTT\TVT/n 

CALCIUM-DEPENDENT PHOSPHOLIPID BINDING 


1144 


U1FHUSPHOINOSITOL POLYPHOSPHATE 
5 HOSPHOHYDROT A*sF 


1145 


HETEROTRIMERIC G PROTEIN 


1146 


T CELL RECEPTOR 


1147 


P0LY(U) BINDING 


1148 


ACETYL-COA METABOLISM 


1149 


CYTOSKELETAL ADAPTOR 


1150 


CAM-DEPENDENT CYCUC-NUCLEOTIDE 
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Phosphodiesterase 


1151 


CYCLTN-DEPENDENT PROTEIN KINASE INHIBITOR 


1152 


Serine biosynthesis 


1153 


PHOSPHOGLYCERATE DEHYDROGENASE 


1154 


TRYPSIN 


1155 


MITOTIC S PHASE 


1156 


G-PROTEIN-COUPLED RECEPTOR PHOSPHORYLATING 
PROTEIN KINASE 


1157 


OXIDATIVE PHOSPHORYLATION 


1158 


SMOOTH MUSCLE CONTRACTION REGULATION 


1159 


METHYLMALONYL-COA MUTASE 


1160 


CHEMOSENSATION AND RESPONSE 


1161 


CARBAMOYL-PHOSPHATE SYNTHASE (AMMONIA) 


1162 


NUCLEAR RNA-NUCLEUS EXPORT 


1163 


EMBRYO IMPLANTATION 


1164 


SMALL RJBOSOMAL SUB UNIT 


1165 


ENDOPLASMIC RETICULUM RECEPTOR 


1166 


DNA BENDING 


1167 


INTRACELLULAR 


1168 


PROTEIN SYNTHESIS INITIATION 


1169 


ION TRANSPORT 


1170 


GUANYL-NUCLEOTIDE RELEASING FACTOR 


1171 


SPLICEOSOME ASSEMBLY 


1172 


ADENYLATE CYCLASE 


1173 


CALCIUM/CALMODULIN-RESPONSIVE ADENYLATE 
CYCLASE 


1174j 


NASCENT POLYPEPTIDE ASSOCIATION 


1175 


NASCENT POLYPEPTIDE-ASSOCIATED COMPLEX 


1176 


NONSENSE-MEDIATED MRNA DECAY 


1177 


ACYL-COA METABOLISM 


1178 


DEGRADATION OF CYCLIN 


1179 


CYCLIN SELECTIVE UBIQUTTIN CONJUGATING ENZYME 


1180 


STEROID BINDING 


1181 


GLYCOSPHJNGOLIPID METABOLISM 


1182 


MULTIDRUG TRANSPORTER 


1183 


ORGANIC ANION TRANSPORTER 


1184 


ASIALOGLYCOPROTEIN RECEPTOR 


1185 


NUCLEAR INNER MEMBRANE 


1186 


RIBONUCLEASE INHIBITOR 


1187 


CALCrUM/CALMODULIN-DEPENDENT PROTEIN KINASE 


1188 


NEUTRAL AMINO ACID TRANSPORT 


1189 


NEUTRAL AMINO ACID TRANSPORTER 


1190 


TRANSPORT 


1191 


CALPAIN 
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1192 


PROTEIN PHOSPHATASE TYPE 2A CATALYST 


1193 


MEMORY 


1194 


MRNA SPLICE SITE SELECTION 


1195 


DNA TOPOISOMERASE I 


1196 


DRUG RESISTANCE 


1197 


K3NESIN 

XVJLA ™ XJVJ JlL ~ 


1198 


MCROTUBULE MOTOR 


1199 


^ADPH--EERRIHEMOPROTEIN REDUCTASE 


1900 




1901 


POATOMFR 


1202 


FT TK AR YOTTP TR ANST ATTON TNTTTATION FACTOR 2ALPHA 
KINASE 


J. £j\JU 


HF AT RESPONSF 


1204 


RFCFPTOR SIGN AT T TNG PROTEIN SERDSE/THREONINE 
KINASE 


1205 


NUCLEASE 


1206 


RNA MODIFICATION 

JLVJL ^ Ji JL JLTJLVi^JL*^ JLJL Jk^w* J A JL JLVn' A * 


1207 


GOLGI VESICLE 


1208 


TYROSINE-TRNA LIGASE 

-A. JjV JLXV^k^JLJL lJL*4 JL JLVJL ^ JJ. JL JUJJL^JPjL *V/JM 


1209 


TYROSYL-TRNA BIOSYNTHESIS 


1210 


TNTF.RT KITKTN-R RECEPTOR LIGAND 


1211 


PURINE SALVAGE 

J. V^ JL VJLjL UXkJW T J 


1212 


HYPOXANTHINE PHOSPHORBOSYLTRANSFERASE 

X JL JL JL \mJ£ JLXJhJk 1 JL JL J 1 J 1 1 J JL JL JL V^j/ \*J JL -JL JL JL VJLJL' VJ' -■- ■» ^ X JLVJI Jk-i 1 h^JL iiJXVA A-L/jlj 


1213 


HEME OXYGENASE (DEC YCLIZENfG) 

1, ,i 1 ,J 1 ' M ^ VJjCV. JL VJ J— 11. 1 JTJLVJ'J— i y^J->^ JL— '^w^ JL V^J> 1 1 J 1 ^— ■ J 


1214 


TRNA MODIFICATION 

JL XVJL li 1 i-'AV/XV JLL JLV_^J X JL XVJ J. 1 


1215 


HISTONE MRNA METABOLISM 

1JUUJ X V_y J. ^JLJ XVJLLVJL ' A Jk ' w • 1 ' JL X XXJ VJJLJXV^J> T X 


1216 


MAPKKK CASCADE 


1217 


FGF RECEPTOR SIGNALLING PATHWAY 

X VJ JL AvLJV'Jull X V/J-\ UXVJA 1 1 j J ■<» Jl 1 1 VJ *41A*Aii*** 


1218 


FIBROBLAST GROWTH FACTOR RECEPTOR 


1219 


RAS GUANYL-NUCLEOTEDE EXCHANGE FACTOR 

JLVJrXVJ VJ \_/* XJ. 1 JL JL— ' J. 1 VJ VJUJU\/ JL JLl.^JW JL>M JWVa'JL.a^ 1 VAi » ■* »^«-' >-^A». 


1220 


PHOSPHOGLYCERATE MUTASE 

JL X lv VJ Jv XXV/VJJLl JL Vrf'JLJtJLVJI JL X JLJ J.TJL V^ JL J IvAJ 


1221 


GLUTATHIONE TRANSFERASE 


1222 


HEAVY METAL RESISTANCE 


1223 


HEAVY METAL RESPONSE 


1224 


HEAVY METAL ION TRANSPORT 


1225 


COPPER, ZINC SUPEROXIDE DISMUTASE 


1226 


CYTOPLASMIC VESICLE 


1227 


CELL ADHESION INHIBITION 


1228 


RHO GDP-DISSOCIATION INHIBITOR 


1229 


CELL FATE SPECIFICATION 


1230 


CEJUM 


1231 


MORPHOGENESIS 


1232 


PHOSPHATIDYLINOSITOL TRANSPORTER 


1233 


COCHAPERONE 
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1234b 


POST-CHAPERONINE TUBULIN FOLDING PA IHWAY 


12351 


PROTEINASE INHIBITOR 


1236 


HEAVY METAL ION TRANSPORTER 


1237 


LACTASE 


1238 


PHOSPHOFRUCTOKINASE 


1239 


GLYCOLYSIS REGULATION 


1240 


SEPTATE JUNCTION 


1241 


CELL-CELL ADHERENS JUNCTION 


1242 


INTERCELLULAR JUNCTION ASSEMBLY 


1243 


LACTOYLGLUTATfflONE LYASE 


1244 


ETYDROXYMETHYLBILANE SYNTHASE 


1245 


DUTP PYROPHOSPHATASE 


1246 


PROTEIN PHOSPHATASE TYPE 2C 


1247 


INTERFERON-ALPHA/BETA RECEPTOR 


1248 


GLYCINE METABOLISM 


1249 


BILE ACID METABOLISM 


1250 


ARYLSULFATASE 


1251 


LYSOSOMAL TRANSPORT 


1252 


HYDROGEN-TRANSLOCATING V-TYPE ATPASE 


1253 


HEME TRANSPORTER 


1254 


GLYCOGEN PHOSPHORYLASE 


1255 


CREATINE TRANSPORTER 


1256 


NEUROTRANSMITTER UPTAKE 


1257 


CREATENErSODIUM SYMPORTER 


1258 


EICOSANODD METABOLISM 


1259 


CALCIUM-DEPENDENT CYTOSOLIC PHOSPHOLIPASE A2 


1260 


ENDORIBONUCLEASE 


1261 


ALDEHYDE OXIDASE 


1262 


XANTHINE DEHYDROGENASE 


1263 


OXYGEN AND RADICAL METABOLISM ' 


1264 


BLOOD GROUP ANTIGEN 


1265 


OXYGEN TRANSPORTER 


1266 


OXYGEN TRANSPORT 


1267 


NTTRILASE 


1268 


RENIN 


1269 


DNA DAMAGE INDUCED PROTEIN PHOSPHORYLATION 


1270 


BLASTODERM SEGMENTATION 


1271 




1272 


SPINDLE MICROTUBULE 


1273 


ANTEROGRADE AXON CARGO TRANSPORT 


1274 


ORGANELLE ORGANIZATION AND BIOGENESIS 


1275 


GLYCIPAN 


1276 


EXO-ALPHA-SIALIDASE 


1277 


MANNOSYLTRANSFERASE 
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1278 


UPOPOLYSACCHARIDE BIOSYNTHESIS 


1279 


A /f~I" » I'l A T»/"\T TO\ K 

METABOLISM 


1280 


1TVT A XT/IT Y/^'H *THTX A XTfl A X JTTTN A C%T— • 

GPI- ANCHOR TRANSAMIDASE 


1281 


TROPOMYOSIN 


1282 


MUSCLE CONTRACTION REGULATION 


1283 


SYNAPTIC VESICLE 


1284 


NEUROTRANSMITTER RELEASE 


1285 


GOLGI STACK 


1286 


GLUTAREDOXIN 


1287 


ACID PHOSPHATASE 


1288 


DOPACHROME DELTA-ISOMERASE 


1289 


SUBSTRATE-BOUND CELL MIGRATION, CELL EXTENSION 


1290 


INTRACELLULAR COPPER DELIVERY 


1291 


CATHEPSIN D 


1292 


LEUKOTRIENE METABOLISM 


1293 


SPERMIDINE SYNTHASE 


1294 


POLYAMINE METABOLISM 


1295 


METHIONINE METABOLISM 


1296 


PROTEIN PHOSPHATASE INHIBITOR 


1297 


DEATH RECEPTOR LIGAND 


1298 


APOPTOTIC MITOCHONDRIAL CHANGES 


1299 


INDUCTION OF APOPTOSIS VIA DEATH DOMAIN RECEPTORS 


1300 


MOXJECULARJFOJNCTION 


1301 


GLYCEROPHOSPHOUPID METABOLISM 


1302 


l-PH0SPHATE)YLIN0Srr0L4-PH0SPHATE KINASE 


1303 


MALATE DEHYDROGENASE 


1304 


CALCIUM-DEPENDENT CELL ADHESION 


1305 


THIOPURINE S-METHYLTRANSEERASE 


1306 


RHO SMALL MONOMERIC GTPASE 


1307 


ADP REDUCTION 


1308 


NUCLEOTIDE METABOLISM 


1309 


RffiONUCLEOSIDE DIPHOSPHATE CATABOLISM 


1310 


RIBONUCLEASE 


1311 


FATTY ACID BINDING 


1312 


MOLECULAR„FUNCTION UNKNOWN 


1313 


GERM CELL DEVELOPMENT 


1314 


REPRESSION OF SURVIVAL GENE PRODUCTS 


1315 


DIADENOSINE POLYPHOSPHATE CATABOLISM 


1316 


EXONUCLEASE 


1317 


UV PROTECTION 


1318 


DOUBLE-STRANDED DNA SPECIFIC 
EXODEOXYRIBONUCLEASE 


1319 


EGF RECEPTOR MODULATION 


1320 


AXONEMAL MOTOR 
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1321 


AYONFMAT DYNEIN 

TVYWl >X_/J.YJJiX-* XJ X 1 i J— >X1 1 


1 399 


PPOTFTN PHOSPHATASE 


1393 


rwn^TTOTTPHOSPHATTDYLTNOSrrOL PHOSPHATASE 

\J\JX X \JxJ X XX\J\JX XXlXX XXS X X-tXX ~ \^ <J X X \SX** X iAVUl x xj, \ X J. 


1394 


HSSTFTP ATTON 


139S 


GT TTPOSAMTNF PATAPOLISM 


139fi 


GT TTPOS AMTNE-6-PHOSPHATE ISOMERASE 

VJ Xj \j O ii_L t JLLl i X-t \J X llVui A lil X X-t XvJ \^/ ±r XX^X\-i \i~rx^/ 


1 397 
IjZ / 


MTTCYXIC MFTAPrTASF/ ANAPHASE TRANSITION 


1 398 


C"ct T7AjTTT]Wr PTNTiTNG 

jSp,l jIt.W 1 1 J1V1 XjXiiX^XxNVJ 




nrT MT^A/TATPIT <sPFPTFTP THYMTNF-DNA GLYCOSYLASE 


1 330 


MONT ^PT fpttvf VF9TPT F nnpKTNG 


1 Q31 


TMTP A rJOT HT TP AKTQpnPT 


1 DO I 


TMTPP OfW ni TP AMQPDPT VPCTPT F 


1 333 


PAC Qiwr AT T MO "NTfYMFP TP <TTP A W 


1 33A 


PwnQPTxn\/rpvAT hmatp "KTWA^f 

XiVJo JrJtlwiVJLC V /\x J V_/rN /\ 1 JZ. X\JLiN/\oJji 


1 33^ 
1 JJJ 


PPHTP A^mUP APTTVATfYR 
7l\\J X Jj//\oL/iVJLD 11 VAX wi\ 


1 Q3A 


TTTVAytrnVT ATRTTTMAQP 




PPH<3TAGT ANnTMA/TPTAROT TSM 


1338 


^TNTGT F-STP AND PPFAK PFPATR 


1 33Q 


PTTn^PMATTnYT PTTOT TNTR TP AN9PORTRR 


13A0 
134U 


vjPTTPnTR AN^MTTTFP ^YNTrTFSTS AND STORAGE 

.NXlUXxU X XVrVINOlVXXX XXixx O 1 1M XxlJOliJ f\±yxs o x vyxvrxvji-i 


1 3A1 


TP AKTQ AT "HHT AQF 


13 AO 


cviSJ A PTOTSIPM A T POAAPT FY 




nTTTVT^P PIT TPH A TVATnP riFWVTlP OGFN A SF 
Lyiix I XJx\\Jl^xT \J/\xvXXxJxZ LJEiXl X X^XxV^OX31NriOXi 


1 *XAA 
lo44 


PATABHT TP P APPnTTVHP ATP MFTAPOT T9M 
\^jt\ i AXj L/i-ilV^ v^AxSJjv/II I \Jx\r\ 1 JZ» IviXi X r\XJ\JX-<X01vx 


1o4j 


FiT? A TP" PPPPPTfYP A Q^nPTATFD FAPTOP 


U40 




134/ 


PUTriSTVT AT AXTTMR AyfPTAPPlT T^TvA 


1348 


TETRAHYDROBIOPTERIN BIOSYNTHESIS 


1 O vl A 

1349 


/I A TJTVT^P Pi V VTTTTD A tl VTYk?fYRTfYPTtTP TTSJ nPl-TVT T W ATA 

4A-rlxlJKUAx IclKAnilJKUloxUr icKJLLN UtLrx I XJlv/V l /ion 


1350 


CjALAL- 1 UlsJUN Abb* 


13j1 


pat Af v TY^CT7 \AT3TAPOT TQA/T 


13!>2 


PTOf<' xtttP'T TjrvQVT ^ TU r l'P APTTOQPTT AT A QP f^VN/TN/TPTPTP AT ^ 
bio ( J -IN UL^UtiUo I L,)- i Hi KAJrrlUoJrxl/V 1 AoJG I lVllVXii x xvl^rVX-f^ 


1 1CQ 

1333 


Tovrrr 1 txtcttt ATTPfcxr rxu xtrt tp fYMQ rv czi tat PPT T Q 
1UJN1C JLINoULiAllwJN Ur INliUKUiNo D I Oi^lrVl> V^XiiwlwfO 


13^4 
X jj4 


TVPT7 1 CT7P iArT7/TTJPPnMTNnH QPPPTFTP PPOTFTN 
PTTO^PRATA^F TNTTTPiTOR 


13*^ 


PTOT OGTPAT PROPFSS UNKNOWN 


13^fi 
1 j^JD 


PATRPPSTN FF 


1357 


CASPASE-ACTIVATED DEOXYRIBONUCLEASE 


1358 


ACYLPHOSPHATASE 


1359 


ACYL-COA BINDING 


1360 


PROLYL OLIGOPEPTEDASE 


1361 


GROWTH FACTOR 


1362 


PHOSPHATIDYLINOSITOL-BISPHOSPHATASE 


1363 


ION CHANNEL INHIBITOR 
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nnrvTYP ortoptpp tm p tttyt TPTTnxr 

L/JLTl I jLAKUJtHwr I HKJiN lYrViV U 1 lUlN 


X JDJ 




X jOD 


JUJLAAcr AlVl*-r5 JiN JJ JIN Lr llNxlLDllUK 


1 DO/ 


LrALAC 1 Uori xJUNlJllN Kj LdU 1 UN 




UJKJN1 1 xlUNii JYLD 1 /VdUJ-JLoM 


XDOy 


UK1N1 1 nJUNJc— UAU-AGJLU AJVJiJN U 1 KAJNorLK AMI 


1 3/U 


GAlHfcirallN B 


13/1 


r>TT r? a r"nT\ td a McnnDnm 
BILE ACID IRAJNaPORIER 


X5il 


GIF c> ilNlHAob 


13/3 


C/'YD'D'FTVYr X/TTTP A DAT to a /r 

bURjiLlVL MErABOLlaM 


13/4 


T TDTAT 1 1 ' 1 'TXT T TVT! A /"vf R 7" A TTMr 1 T?VT r 7VX /TC? 

UBIQUITIN-LIKE ACTIVATING ENZYME 




D1HYDROL1PO AMIDE S-ACETYLTRANSFERASE 


13/0 


rnUortiUKlLAbE 


l inn 
13/ / 


pT T TTp iiri rprj pATA T>/^\T TO"\ K 

GL U 1 AMA 1 E LA I AB OLISM 


13/o 


rRUC105>E 2,o-BloFHOdPHAIE ME1 ABOLISM 


1 OTO 


E7D T T/"V"p/" , \ CC O iT TJTCnTTAPT>TT A TT7 O T1TTAPT1TT AT A nr? 

rRUC!UMi-Z,o-BlaPHObPrLAlE 2-PHObPHA I ASE 


i q oa 


3-bE 1 A-rl YDRO A Y-DELTA(5)-S i EROiD DEHYDROGENASE 


I3ol 


AT T>TT A TMVT A T>/^T "VTV /fT7T> A O T7 . T>T> TTV 1 A CC /^f~\~\ /TTIT "CV 

AJUrWA UNA rOLYMbKAoE:rRlMAISE CUMrLEX 


1 TOO 

13o2 


A /"^f^XTTT* A TU TT\mT> A T* A OT? 

ALUJN 1 1 A 1 E H YDRA 1 AoE 


1 Qoa 
1 JOO 


MI 1 UCMUJNDR1AL LARGE RlbUoUMAL-i> UE UNI 1 


13o4 


\ /TO XT A "CTATTIMP 

MKJSA ED11JJNG 


I30J 


PVPT OC'Di^I'DTXT A TJTTVTPvTXT/^ 1 

GYLLUorURIN A U1NDING 


1 10/C 

13oo 


\/TtJ\T A T ANT A TC IT) A VrOT>/"Yr>T* 

MEVALUNA1E IRANorURl 


13o / 


\JTC\T A T HM A ' VU TD A XTC D/^\T> TTTTJ 

ME V ALUN A IE I RANorOR 1 ER 


1 OOO 

lioo 


MONOCARBOXYLIC ACID TRANSPORT 




MONOGARBOXYLIC ACID TRANSPORTER 


1390 


T> T7T TTTV TnXTT T» T\TT\T\T/^ 

P-ELEMENI BINDING 


1391 


A H JfTXT/^ A nVT A OT? 

AMDNOACYLASE 


1392 


a or* a T>np a T»n tttixt a t t/~* a hp 

ASPARTATE— TRNA LIGASE 


i o ao 

1393 


A O T* A T> ^PXTT ' 1 1 1 v XT A T"\ T /~\ 0"\7~V 1 1 ■ i ■ '1 1 ' o TO 

ASPARTYL-TRNA BIOSYNTHESIS 


i o A/i 
1394 


POLYPEPTIDE N-ACETYLGALACTOS AMINYLTRANSEERASE 


i one 
139D 


GULLAGEN 


139o 


HYDRUGEN/POI ASSIUM-EXGHANGING ATPASE 


13;*/ 


oAKGUGLYGAJN GUMrLEA 


13^5 


pTT TPAOVT TP A "MCT7HP A CTJ 

r U LUo Y L 1 KAJNorEKAoE 


1^0.0. 


A A /TTMriDT^PTTT\ A Q"C 

AJYUIN Urnr 1 W Aon, 


14UU 


FTTM5 fit T TPACU /( T3PTA/TE7P A CTJ 

UUr-GLUGUoE 4-EPJUVlllKAaE 


1401 

ATA/ JL 


TRANSPORTTN 


1402 


METfflONYL AMENOPEPTIDASE 


1403 


DffEPTIDYL-PEPTIDASE 


1404 


PITRILYSIN 


1405 


2',3'-CYCUC NUCLEOTIDE 3*-PH0SPH0DIESTERASE 


1406 


NUCLEAR OUTER MEMBRANE 


1407 


IMP DEHYDROGENASE 
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1408 


PEPTIDE METABOLISM 


1409, 


SECRETORY VESICLE MEMBRANE 


1410 


GLYCINE--TRNA LIGASE 


1411 


HETEROTRIMERIC G-PROTEIN GTPASE, ALPHA SUBUNIT 


1412 


ARE GTPASE ACTIVATOR 


1413 


PEROXISOMAL MATRIX 


1414 


VERY LONG CHAIN FATTY ACID METABOLISM 


1415 


ALPHA-GLUCOSIDASE 


1416 


PHAGOCYTOSIS 


1417 


CREATINE BIOSYNTHESIS 


1418 


GLYCINE AMINOTRANSFERASE 


1419 


MAP KINASE 


1420 


CALCIUM-ACTIVATED POTASSIUM CHANNEL 


1421 


BLEOMYCIN HYDROLASE 


1422 


AMINOBUTYRATE CATABOLISM 


1423 


SUCCINATE-SEMIALDEHYDE DEHYDROGENASE 


1424 


LYSOSOMAL MEMBRANE 


1425 


PHAGOSOME FORMATION 


1426 


DEBRANCHMG ENZYME 


1427 
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SPHINGOLIPID METABOLISM 
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1433 
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1434 


AMINOGLYCAN BIOSYNTHESIS 


1435 


ACETYLGLUCOSAMINYLTRANSFERASE 


1436 
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1437 
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1438 
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1439 


DICARBOXYLIC ACID TRANSPORT 


1440 


DICARBOXYLIC ACID TRANSPORTER 


1441 


CARRIER 


1442 


NON-SELECTIVE VESICLE FUSION 


1443 


MITOCHONDRIAL CITRATE TRANSPORT 


1444 


SODIUM:DICARBOXYLATE/TRICARBOXYLATE 
COTRANSPORTER 


1445 


SUBTHJSIN 


1446 


PROPROTEIN CONVERTASE 2 


1441 


' SERINE— TRNA LIGASE 


144? 


, METALLOEXOPEPTIDASE 


144S 


>HOLOCYTOCHROME C SYNTHASE 


145C 


AXON GUIDANCE 
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1451 


PROTEIN-MEMBRANE lAKvjJblliNU 


1 A CO 

1452 


COMPLEMEN1 COMrUNENI 


1453 


COMPLEMEN1 AC11VA11UJN 


1 A C A 

1454 


OXOGLUTAR ATE DEHYDROGENASE (LLPU AMIDE) 


1455 


POTASSIIM:CHLORIDE SYMPORTER 


1456 


/""IT "Xr/~1TXTT7 n ATA T>/*\T TPTl A" 

GLYCINE CATABOLISM 


1457 
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GLYCINE DEHYDROGENASE (DELARBOaYLAIIINu) 


1458 


OLIGOSACCHARIDE METABOLISM 


1459 


MANN0SYL-0LIG0SACCHAR1DE 1,2-ALPHA-MANNOSIDASE 


1460 


N-GLYCAN PROCESSING 


1461 


Tirrvn /"IT TTV^^XOY"^ -f TMTAOTMT A fill 1 t TTt 1*1 \*\ 7T 'XTT > l^ft A XTOT'lTH A OT7 

UTP--GLUC0SE-1 -PHOSPHATE URIDYLYLTRANSFERASE 


1462 


O-METHYLTRANSFERASE 


1463 


S0LUTE:CATI0N SYMPORTER 


1464 


CYTOCHROME C 


1465 


OXOGLUTARATE/MALATE ANTIPORTER 


1466 


3 -5 EXODEOXYRIBONUCLEASE 


1467 


CYTOCHROME B 


1468 


PYRUVATE METABOLISM 


1469 


MALATE DEHYDROGENASE (DECARBOXYLATENG) 


1470 


PROTEIN KINASE C 


1471 


A f*1*k A ntn A /'II 1 H C T A rnr/\XT 1 7"T A /T\ 7TT"1 y"v / 11 1 1 1 ^"\X AT"? /"I 

CASPASE ACTIVATION VIA CYTOCHROME C 


1472 


UDP-GLUCOSE:GLYCOPROTEIN GLUCOSYLTRANSFERASE 


1473 


ACTIVATION OF MAP/ERK KINASE KINASE 


1474 


CATALASE 


1475 


INSOLUBLE FRACTION 


1476 


MITOCHONDRIAL TRANSPORT 


1477 


GOLGI LUMEN 


1478 


ENDOCYTOTIC TRANSPORT VESICLE 


1479 


SODIUM DEPENDENT MULTIVITAMIN TRANSPORTER 


1480 


POLY-GLUT AMINE TRACT BINDING 


1481 


TRANSMEMBRANE RECEPTOR PROTEIN SERINE/THREONINE 
KINASE 


1482 


TRANSMEMBRANE RECEPTOR PROTEIN SERINE/THREONINE 

TTTXT A OT"> flTPVT ATT T\Tn T> A f PTTITT A ~\T 

KINASE SIGNALLING PATHWAY 


1483 


DRUG TRANSPORTER 


•* A O A 

1484 


STEROID DELTA-IS OMER ASE 


1485 


PHOSPHORYLASE KINASE REGXJLATOR 




rJiKivClJUAlLN — IN i\XJi\i ) isSLlJ UL1 /\od 


1487 


PROFILIN BINDING 


1488 


ATP-DEPENDENT PEPTIDASE 


1489 


EPOXIDE HYDROLASE 


1490 


LEUK0TRIENE-A4 HYDROLASE 


1491 


MANNOSE METABOLISM 


1492 


MANNOSE-6-PHOSPHATE ISOMERASE 
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prjT T WAT T 


14Q4 


N APFTYT HT T JPOSAMTNF MFTA*ROT LSM 
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1 4C7 




14GR 


PVPTTVATP r>FTTYnpnfTFNTA^F (1 TPOAMTTTFi 


1400 


phpp ophp PTrvpTxrnnTTTvr nvrn a qf 


lJUU 


bAUrxir 1 IDAbXi 


1 ^A1 
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T3D AXTOTJTTT* f^T-T A TXT AA/TT\TO APTTl A A^TMOTP A*NTQFFP A QF 
JoKAiNL-XlXiiJ-v^XlAJiN A1VJJJNU Av^lLJ rVlvlLLN \J X Xv/vLN oX\CIx/\orL 




rjT> AXTrVUTTTi f^TJATM "C A A ATT V A A ATM P* APTH PTO^ VT0' 1 ' H U QTQ 
JtSKAiN L-xiciJ CxiAJIN JrAMJLLi AJYUINIJ Ak^xU JdIwo IlNiXTCoio 


1S10 


ST TCP TNYL-CO A METABOLISM 


1511 


3-0X0ACID COA-TRANSFERASE 


1512 


PHOSPHATIDYLINOSITOL BIOSYNTHESIS 


1513 


PROTEIN PHOSPHATASE TYPE 1 REGULATOR 


1514 


SERINE METABOLISM 


1515 


PHOSPHOSERME PHOSPHATASE 


1516 


MUTAGENESIS 
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A resulting entry for a peptide sequence based on these criteria will have the 
following format: SEQ ID NO of peptide entry | Numeric code corresponding to cell 
type and HLA type | SEQ ID NOs of source protein reference(s) | source protein 
symbol(s) | Numeric keys corresponding to biological classification(s). This ordering 
5 corresponds to Criteria 1 | Criteria 2 1 Criteria 3 | Criteria 4 1 Criteria 5. 

Example 2: Isolation and Characterization of Global Peptide Tags (GPP 

This example describes the use of enzymatic or chemical digestion strategies to 

reduce proteins of a complex mixture into peptides. These peptides are called Global 
10 Peptide Tags (GPT). The peptides were separated and fractionated by multiple modes of 

chromatography and ultimately sequenced by liquid chromatography on-line with tandem 

mass spectrometry (LC/MS/MS). 

Prior to digestion, all proteins of a sample were denatured using high 

concentrations of chemical denaturants (such as 6-8 M Urea or 6-8 M guanidine 
15 hydrochloride), elevated temperature, or a combination of both chemical denaturants and 

elevated temperature. Additionally, reactive thiol groups were typically reduced by the 

action of dithiothreitol (DTT) or Tris[2-carboxyethylphosphine] hydrochloride (TCEP) at 

a molar concentration of 25 to 50 times greater than that of the total protein 

concentration, and alkylated with an alkylating agent (at a molar concentration of 25 to 
20 50 times greater than that of the total protein concentration) such as iodoacetamide or 

iodoacetic acid. The reaction was typically carried out at room temperature and in the 

dark. 

Two rounds of reduction and alkylation were usually used for each protein 
mixture to ensure complete reduction and alkylation of reactive thiol groups. Solutions 

25 were typically made in a 50-100 mM ammonium bicarbonate solution at an approximate 
pH of 8.2. Subsequently, the reduced and alkylated protein mixture was concentrated to 
a volume of approximately 50-100 uL under vacuum in a Speedvac™ centrifugal 
concentrator (ThermoSavant Scientific) used at ambient temperature. This process also 
removes the majority of the excess DTT that is used to quench the final alkylation 

30 reaction. Following concentration, the resultant solution was re-diluted with the 

ammonium bicarbonate solution and an enzyme was added at a weight to weight ratio of 
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1 part enzyme to 25-40 parts protein. Those protein mixtures that were chemically 
denatured were diluted with the ammonium bicarbonate solution to reduce the 
concentration of the chemical denaturant to less than 1 M. The enzyme was also 
dissolved in the ammonium bicarbonate solution. Enzymes that have been used to 

5 generate peptides from a complex protein mixture include trypsin and lysine 

endopeptidase. All enzymatic digestions were carried out overnight (typically 18 to 26 
hours) at a temperature of 37°C After protein digestion, enzymes were deactivated using 
10% acetic acid solution, and peptides were separated from undigested protein and 
isolated by ultra filtration using either a 3 kDa or 5 kDa spin filtration device. 

10 Alternatively, total protein digest are generated chemically using cyanogen bromide. 
Again, peptides were isolated from undigested proteins by ultra filtration. 

Peptide-rich solutions were separated by multiple modes of chromatography. The 
first mode was usually strong cation exchange (SCX) using a stationary phase such as 
polyethylaspartamide (from PolyLC Inc.) and an aqueous mobile phase that was modified 

15 with acetonitrile (5-15% v/v) and developed a salt gradient from 0 to 1 M salt to elute the 
adsorbed peptides. Each of the peptide-rich fractions that was isolated by SCX 
chromatography was further separated and fractionated using a CI 8 reversed phase 
microbore (1 mm id) column and mobile phases that were modified with trifluoroacetic 
acid and developed an acetonitrile gradient. Peptide-rich fractions that were isolated by 

20 reversed phase chromatography were subjected to on-line LC/MS/MS using a further 
dimension of reversed phase chromatography. Peptide sequence elucidation was by 
database searching raw MS/MS spectra against publicly available protein sequence 
databases. 

25 Table 1 contains the sequences of a series of EPTs and GPTs identified as 

described in Examples 1 and 2. The conventions detailed in Example 1 are used to 
describe EPTs and GPTs, with the exception of "HLA source" which does not apply to 
GPTs. 
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Other Embodiments 
While the invention has been described in conjunction with the detailed 
description thereof, the foregoing description is intended to illustrate and not limit the 
scope of the invention, which is defined by the scope of the appended claims. Other 
5 aspects, advantages, and modifications are within the scope of the following claims. 
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What is claimed is: 

1. An isolated nucleic acid comprising a nucleotide sequence that encodes a 
polypeptide comprising an amino acid sequence which is at least 95% identical to an 
amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235. 

5 2. An isolated nucleic acid comprising a nucleotide sequence that encodes a 

polypeptide comprising an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 1-235. 

3. The nucleic acid of claim 2, wherein the peptide sequence is identical to that of 
10 a naturally processed class I or class II MHC-binding peptide. 

4. An isolated nucleic acid comprising a nucleotide sequence that encodes a 
polypeptide comprising an amino acid sequence selected from the group consisting of a 
variant of any one of SEQ ID NOs: 1-235, wherein the variant has no more than two 

15 conservative amino acid substitutions. 

5. An isolated nucleic acid comprising a nucleotide sequence that encodes a 
polypeptide comprising at least 8 contiguous amino acids of an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 1-235. 

20 

6. An isolated nucleic acid comprising a nucleotide sequence encoding a 
polypeptide consisting of an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 1-235. 

25 7. An isolated nucleic acid comprising a nucleotide sequence encoding a 

polypeptide consisting essentially of an amino acid sequence selected from the group 
consisting of SEQ ID NOs: 1-235. 

8. An isolated nucleic acid comprising a nucleotide sequence encoding a 
30 polypeptide comprising no more than 30 contiguous amino acids of a naturally occurring 
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human protein, wherein the naturally occurring protein comprises an amino acid 
sequence selected from the group consisting of SEQ ID NOs: 1-235. 

9. The nucleic acid of claim 8, wherein the peptide sequence is identical to that of 
a naturally processed class I or class II MHC-binding peptide. 

10. A purified polypeptide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NOs: 1-235. 

11. The polypeptide of claim 10, wherein the peptide sequence is identical to that 
of a naturally processed class I or class II MHC-binding peptide. 

12. A purified polypeptide comprising at least 8 contiguous amino acids of an 
amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235. 

13. A purified polypeptide, comprising at least an immunogenic portion of a 
protein, wherein the protein comprises an amino acid selected from the group consisting 
of SEQ ID NOs: 1-235. 

14. A purified immunogenic polypeptide comprising at least 8 contiguous amino 
acids of an amino acid sequence selected from the group consisting of SEQ E> NOS: 1- 
235. 

15. A purified polypeptide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NOs: 1-235, wherein the purified polypeptide comprises at 
least 25 amino acids. 

16. The purified polypeptide of claim 14 wherein the polypeptide comprises 
fewer than 100 amino acids. 
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17. The purified polypeptide of claim 15 wherein the polypeptide comprises 
fewer than 50 amino acids. 

18. A purified polypeptide consisting of an amino acid sequence selected from 
the group consisting of SEQ ID NOs:l-235. 

19. A purified polypeptide consisting essentially of an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 1-235. 

20. A vector comprising the nucleic acid of claim 1. 

21. The vector of claim 20 wherein the vector comprises expression control 
sequences that direct the expression of the polypeptide. 

22. The vector of claim 20 wherein the vector comprises expression control 
sequences that direct expression of the nucleic acid molecule. 

23. A cell comprising the vector of claim 20. 

24. An antibody that selectively binds a polypeptide consisting of an amino acid 
sequence selected from the group consisting of SEQ ID NOs: 1-235. 

25. A method of making an antibody, the method comprising: 

(a) providing a polypeptide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NOs: 1-235 to a mammal in an amount effective to induce the 
production of an antibody that binds to the polypeptide; 

(b) isolating fiom the mammal a ceil that produces an antibody that selectively 
binds to a polypeptide consisting of an amino acid sequence selected from the group 
consisting of SEQ ID NOs:l-235; 

(c) immortalizing the cell isolated in step (b); and 

(d) isolating antibodies from the immortalized cell. 
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26. The antibody of claim 24 wherein the polypeptide is expressed on a cell surface. 

27. The antibody of claim 24, wherein the polypeptide is a target of a second 
antibody located on a cell surface. 

28. A humanized antibody which specifically binds to a domain of a polypeptide 
comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 1- 
235. 

29. The humanized antibody of claim 28 which is a full length antibody. 

30. The humanized antibody of claim 28 which is a human IgG. 

31. The humanized antibody of claim 28 which is an antibody fragment. 

32. The humanized antibody of claim 28 wherein the antibody fragment is a 

F(ab')2. 

33. A labeled antibody comprising the humanized antibody of claim 28 bound to 
a detectable label. 

34. An immobilized antibody comprising the humanized antibody of claim 28 
bound to a solid phase. 

35. A conjugate comprising the humanized antibody of claim 28 bound to a 
cytotoxic agent. 

36. A method for determining the presence of a protein comprising exposing a 
sample suspected of containing the protein to the humanized antibody of claim 28 and 
determining binding of said antibody to the sample. 
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37. A kit comprising the humanized antibody of claim 28 and instructions for 
using the humanized antibody to detect a protein that binds to the antibody. 

5 38. An isolated nucleic acid encoding the humanized antibody of claim 28. 

39. A method for modulating the activity of the polypeptide of claim 10, the method 
comprising contacting the polypeptide with a compound that binds to the polypeptide in a 
concentration sufficient to modulate the activity of the polypeptide. 

10 

40. The method of claim 39, wherein the compound that binds the polypeptide is an 
antibody that selectively binds a polypeptide consisting of an amino acid sequence 
selected for the group consisting of SEQ ID NOs: 1-235. 

15 41 . A method of treating a disorder in a mammal, the method comprising: 

(a) identifying a mammal with the disorder; and 

(b) administering to the mammal a compound that modulates the expression or 
activity of the polypeptide of claim 10, 

wherein the administration results in an amelioration of one or more symptoms of 
20 the disorder. 

42. A method for detecting the presence of a polypeptide of claim 10 in a sample, 
the method comprising: 

contacting the sample with a compound that selectively binds to a polypeptide 
25 consisting of an amino acid sequence selected from the group consisting of SEQ ID NOs: 1- 
235; and 

determining whether the compound binds to the polypeptide in the sample. 

43. A method for detecting the presence of a disorder in a mammal, the method 
30 comprising: 

(a) providing a biological sample derived from the mammal; 
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(b) contacting the sample with a compound that binds to the polypeptide of claim 
17 or to a nucleic acid that encodes the polypeptide of claim 17; and 

(c) determining whether the compound binds to the sample, 

wherein binding of the compound to the sample indicates the presence or absence of 
the disorder in the mammal. 

44. A method for imaging a site in a mammal, the method comprising: 

(a) administering a compound to a mammal, wherein the compound binds to the 
polypeptide of claim 10 or to a nucleic acid that encodes the polypeptide; and 

(b) detecting the compound with an imaging detector, thereby imaging the site in 
the mammal. 

45. A method for identifying a compound that modulates the activity of the 
polypeptide of claim 10, the method comprising: 

(a) contacting the polypeptide of claim 8 with a test compound; and 

(b) determining the effect of the test compound on the activity of the polypeptide, to 
thereby identify a compound that modulates the activity of the polypeptide. 

46. A method for identifying a compound that modulates the expression of the 
nucleic acid of claim 2, the method comprising: 

contacting the nucleic acid of claim 2 with a test compound; and 
determining the effect of the test compound on the expression of the nucleic acid, to 
thereby identify a compound that modulates the expression of the nucleic acid 

47. A polypeptide profile that is characteristic of a given cell, wherein the profile 
comprises a representation of at least ten different polypeptides in the cell, wherein each of 
the at least ten different polypeptides comprises an amino acid sequence selected from the 
group consisting of SEQ ID NOs: 1-235, and wherein the polypeptide profile is a 
reproducible characteristic of the cell. 
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48. The polypeptide profile of claim 47, wherein the each of the at least ten different 
polypeptides comprises an MHC-binding polypeptide. 

49. The polypeptide profile of claim 47, wherein the representation characterizes 
5 each individual polypeptide based upon at least one physical or chemical attribute of the 

polypeptide, the at least one physical or chemical attribute comprising an amino acid 
sequence. 

50. The polypeptide profile of claim 47, wherein the representation characterizes 
10 each individual peptide based upon at least two physical or chemical attributes. 

51. The polypeptide profile of claim 47, wherein one of the physical or chemical 
attributes is a nucleotide sequence encoding the amino acid sequence. 

15 52. The polypeptide profile of claim 47, wherein one of the physical or chemical 

attributes is mass-to-charge ratio. 

53. The polypeptide profile of claim 47, wherein one of the physical or chemical 
attributes is an ion-fragmentation pattern. 

20 

54. The polypeptide profile of claim 47, wherein the representation characterizes 
each individual peptide based upon at least three physical or chemical attributes. 

55. A database, stored on a machine-readable medium, comprising: 

25 (a) two categories of data respectively representing: (i) peptide profiles and (ii) cell 

sources; and 

(b) associations among instances of the two categories of data, 
wherein the data representing polypeptide profiles comprise the peptide profile of 
claim 46, and 

30 wherein the database configures a computer to enable finding instances of data of 

one of the categories based on their associations with instances of data the other category. 
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56. A method of selecting an antibody, the method comprising: 

(a) contacting the polypeptide of claim 10 with an in vitro library of antibodies; 

(b) binding an antibody to the polypeptide; and 

(c) selecting the antibody that binds to the polypeptide. 

57. An immunogenic composition comprising a polypeptide comprising an amino 
acid sequence selected from the group consisting of SEQ ID NOs: 1-235, the composition 
when injected into a mammal eliciting an immunogenic response directed against a 
polypeptide consisting of an amino acid sequence selected from the group consisting of 
SEQ ID NOs: 1-235. 

58. A method for treating a cancer comprising administering to a patient an 
amount of a composition comprising a polypeptide comprising an amino acid sequence 
selected from the group consisting of SEQ ID NOs: 1-235 in an amount sufficient to elicit 
an immunogenic response. 

59. A method for treating a cancer patient, the method comprising administering 
to the patient an antibody that selectively binds to a peptide consisting of an amino acid 
sequence selected from the group consisting of SEQ ID NOs: 1-235. 

60. A peptide array comprising at least 100 peptides selected from the group 
consisting of peptides consisting of an amino acid sequence selected from the group 
consisting of SEQ ID NOs: 1-235, each peptide linked to a solid support at a known 
location. 

61. A collection of at least 10 polypeptide aiTays, each array comprising at least 
100 polypeptides consisting of an amino acid sequence selected from the group consisting 
of SEQ ID NOs: 1-235, each peptide linked to a solid support at a known location. 
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62. A method for identifying a compound that binds to a naturally processed class 

I MHC-binding polypeptide, the method comprising exposing a test compound to a 
collection of at least 100 polypeptides selected from the group consisting of polypeptides 
having an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235, 

5 and identifying a peptide to which the test compound binds. 

63. A method for identifying a compound that binds to a naturally processed class 

II MHC-binding polypeptide, the method comprising exposing a test compound to a 
collection of at least 100 polypeptides selected from the group consisting of polypeptides 

10 having an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235 
and identifying a peptide to which the test compound binds. 

64. A database, stored on a machine-readable medium, comprising: 

(a) three categories of data respectively representing (i) polypeptides, (ii) cell 
15 sources, and (iii) cell treatments; and 

(b) associations among instances of the three categories of data, 

wherein the data representing peptides comprises at least 100 polypeptides each 
having an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-235, 
and 

20 wherein the database configures a computer to enable finding instances of data of 

one of the categories based on their associations with instances of data of at least one 
other category. 

65. A polypeptide profile that is characteristic of a selected cell under selected 
25 conditions, wherein the profile comprises a representation of at least ten different 

polypeptides expressed by the cell, wherein each of the at least ten different polypeptides 
comprising an amino acid sequence selected from the group consisting of SEQ ID 
NOs: 1-235, and wherein the polypeptide profile is a reproducible characteristic of the 
cell. 
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